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ABSTRACT 



< 

o. Context. In recent years, organic molecules of increasing complexity have been found toward the prolific Galactic center source 

(-H ' Sagittarius B2. 

Aims. We wish to explore the degree of complexity that the interstellar chemistry can reach in star-forming regions. 
Methods. We carried out a complete line survey of the hot cores Sgr B2(N) and (M) with the IRAM 30 m telescope in the 3 mm range, 
plus partial surveys at 2 and 1.3 mm. We analyzed this spectral survey in the local thermodynamical equilibrium approximation. We 
modeled the emission of all known molecules simultaneously, which allows us to search for less abundant, more complex molecules. 
We compared the derived column densities with the predictions of a coupled gas-phase and grain-surface chemical code. 
Results. We report the first detection in space of ethyl formate (C 2 H 5 OCHO) and rc-propyl cyanide (C3H7CN) toward Sgr B2(N). The 
detection of «-propyl cyanide is based on refined spectroscopic parameters derived from combined analyses of available laboratory 
spectroscopic data. For each molecule, we identified spectral features at the predicted frequencies having intensities compatible 
with a unique rotation temperature. For an assumed source size of 3", our modeling yields a column density of 5.4 x 10 16 cnT 2 , a 
temperature of 100 K, and a linewidth of 7 km s _1 for ethyl formate. rc-Propyl cyanide is detected with two velocity components 
having column densities of 1.5 x 10 16 cnT 2 and 6.6 x 10 15 cirT 2 , respectively, for a source size of 3", a temperature of 150 K, and 
a linewidth of 7 km s -1 . The abundances of ethyl formate and ;;-propyl cyanide relative to H 2 are estimated to be 3.6 x 10~ 9 and 
1.0 x 10" 9 , respectively. We derived column density ratios of 0.8 / 15 / 1 for the related species f-HCOOH / CH3OCHO / C 2 H 5 OCHO 
and 108 / 80 / 1 for CH3CN / C 2 H 5 CN / C3H7CN. Our chemical modeling reproduces these ratios reasonably well. It suggests that 
the sequential, piecewise construction of ethyl and «-propyl cyanide from their constituent functional groups on the grain surfaces is 
their most likely formation route. Ethyl formate is primarily formed on the grains by adding CH3 to functional-group radicals derived 
^\ , from methyl formate, although ethanol may also be a precursor. 

Conclusions. The detection in Sgr B2(N) of the next stage of complexity in two classes of complex molecule, esters and alkyl 
cyanides, suggests that greater complexity in other classes of molecule may be present in the interstellar medium. 
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1. Introduction acids, as well as their racemic distribution^, suggest that they, 

or at least their direct precursors, have an inter stellar origi n (see, 
More than 150 molecules have been discovered in the inter- e^Tfehrenfreu^S|2001; Bemstei nltd]l200l lElsila et al.1 
stellar medium or in circumstellar envelopes over the past four 2007j and references therein) i nters tellar chemistry is there- 
decades (see, e.g.,| Mulleretalj200f | ) . Among them, "complex" fore V£ry likely capable of producing more comp i ex organic 
organic molecules with up to 13 atoms have been found, show- molecules than those discoV ered in the interstellar medium so 
ing that the interstellar chemistry in some regions is efficient far Howeveri the degree of comp iexity that may be reached is 
enough to achieve a relatively high degree of chemical com- stm an open question; the part i t i on functions of larger molecules 
plexitfi In addition, much larger molecules have been found in m j making k much more difficuk tQ detect such ies> 
meteorites discovered on Earth, including more than 80 distinct eyen if they ^ nt in reasonably large quantit ies. 

amino acids. The non-terrestrial isotopic ratios of these amino „. „ .. .„ , . , , ,, . 

r Grain-surface chemistry is frequently invoked as the torma- 

~ T~Z ; ; ; . , . , . , tion mechanism of many complex species, particularly following 

Based on observations carried out with the IRAM 30 m telescope. . . ~ 11 ■ /-> 

Tr ,..-. tA u twch/^mdc (c \ n/mr^ m \ a recent determinations of some key gas-phase reaction rates. Gas- 

IRAM is supported by INSU/CNRS (France), MPG (Germany) and 3 & F 

IGN (Spain). ' 

1 Visit the Cologne Database for Molecular Spectroscopy (CDMS) 3 A racemic distribution means equal amounts of left- and right- 

at http://www.cdms.de for an updated list. handed enantiomers. Enantiomers are stereoisomers that are mirror im- 
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These molecules are "complex" for astronomers, not for biologists! ages of each other and non-superposable. 
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phase production of methyl formate, a mole cule ubiquitous i n 
hot-core spectra, appears prohibitively slow dHorn et al.l l2004). 
pointing to an efficient alternative. Additionally, the dissociative 
recombination of large organic molecular ions with electrons, 
which is typically the final step in the gas-phase synthesis of 
complex molecules, a ppears strongly to fa vor the fragmentation 
of complex structure (Geppert et al. 2006I). 

In the case of hot cores, the granular ice mantles built up dur- 
ing prior phases of evolution present a rich source of simple sat- 
urated molecules from whi ch more complex s pecies may form, 
as has long been realized dMillar et al.lll99ll) . However, while 
the efficiency of complex molecule formation in the gas phase is 
limited (not exclusively) by the need to stabilize the energized 
complex, often resulting in fragmentation, adhesion to a grain 
surface allows an adduct to quickly thermalize. Thus, molecular 
radicals derived from the ice mantles may combine in situ on the 
grain surfaces to build up complex structures efficiently, if dust 
temperatures are sufficient for the reactants to meet by th ermal 
diffusion. The hot-c ore models of iGarrod & Her bst (2006]) and 
iGarrod et alj (|2008) have demonstrated the plausibility of such 
mechanisms in reproducing observed abundances of many com- 
plex organic species. 

The detection of new complex molecules places valuable 
constraints on the c hemical models. In the context of the model 
employed, e.g., by IGarrod et al.l d2008l) . obtaining abundances 
of structurally-related molecules allows one to isolate the chem- 
ical behavior of the functional groups from which they are con- 
structed, and to relate these back to more fundamental model pa- 
rameters such as photodissociation rates, binding energies, and 
initial ice composition. Such an approach then allows further ob- 
servational predictions to be made. 

One of the current best sources to search for new molecules 
in the interstellar medium is the hot dense core Sagittarius B2(N) 
- hereafter Sgr B2(N) for short. This sourc e, dubbed the "Large 
Molecule Heimat" by ISnvder et al.l d!994l) . is extraordinary for 
its rich molecular content: most complex or ganic molecules 
such as, e.g., acetic acid (CH3C OOH, |M ehringer et al. 
fl997h . glycolaldehyde (CH ? (OH)CHO, |HgJlis_eldJ|2000|), ac- 
etamide (CH^ CONH^lHolris et al.ll2 006l). and aminoacetonitrile 
(NH 2 CH 2 CN, iBelloche et al.ll2008allbT) . were first discovered in 
Sgr B2(N). This hot core is located in the very massive and ex- 
tremely active region of high-mass star formation Sagittarius B2, 
at a projected distance of ~ 100 pc from the Galactic cen ter, 
whose distance is 8.0 ± 0.5 kpc from the Sun (Reidl [19931) . A 
second major and somewhat more evolved center of star forma- 
tion activity, Sgr B2(M), is situated in its vicinity (~ 2 pc). A 
more detailed introduction on these two sources and their envi- 
ronment can be found in, e.g.. IBelloche et a fl d2008al) . 

Here, we report the detection of warm compact emis- 
sion from ethyl formate (C2H5OCHO) and n-propyl cyanide 
(C 3 H 7 CN) in Sgr B2(N) with the IRAM 30 m telescope. 
Section [2] summarizes the observational details. The detections 
of ethyl formate and n-propyl cyanide are presented in Sects. [3] 
and |U respectively. Implications in terms of interstellar chem- 
istry are discussed in Sect. [5] based on a coupled gas-phase and 
grain-surface chemical code. Our conclusions are summarized 
in Sect. [6] 

2. Observations and data analysis 

2.1. Observations 

We observed the two hot core regions Sgr B2(N) and Sgr B2(M) 
in January 2004, September 2004, and January 2005 with the 



IRAM 30 m telescope on Pico Veleta, Spain. We carried out 
a complete spectral survey toward both sources in the 3 mm 
atmospheric window between 80 and 116 GHz. A complete 
survey was performed in parallel in the 1 .3 mm window be- 
tween 201.8 and 204.6 GHz and between 205.0 and 217.7 GHz. 
Additional selected spectra were also obtained in the 2 mm win- 
dow and between 219 and 268 GHz. The coordinates of the 
observed positions are a J2 ooo=17 h 47 m 20!0, <5j2ooo=-28°22'19.0" 
for Sgr B2(N) with a systemic velocity Vi sr = 64 km s _1 and 
aj20oo=17 h 47 m 20 s :4, 5j 2 ooo=-28°23'07.0" for Sgr B2(M) with 
Vi sl = 62 km s . More details abou t the observatio n al setu p and 
the data reduction can be found in Belloc he" et alj d2008al) . An 
rms noise level of 15-20 mK on the T* scale was achieved be- 
low 100 GHz, 20-30 mK between 100 and 114.5 GHz, about 
50 mK between 1 14.5 and 116 GHz, and 25-60 mK in the 2 mm 
window. At 1.3 mm, the confusion limit was reached for most of 
the spectra obtained toward Sgr B2(N). 



2.2. Modeling of the spectral survey 

The overall goal of our survey was to characterize the molecular 
content of Sgr B2(N) and (M). It also allows searches for new 
species once lines emitted by known molecules have been iden- 
tified, including vibrationally and torsionally excited states, as 
well as less abundant isotopologues containing, e.g., 13 C, ls O, 
n O, 34 S, 33 S, or I5 N. We detected about 3700 and 950 lines 
above 3cr over the whole 3 mm band toward Sgr B2(N) and 
(M), respectively. These numbers correspond to an average line 
density of about 100 and 25 features per GHz. Given this high 
line density, the assignment of a line to a given molecule can 
be trusted only if all lines emitted by this molecule in our fre- 
quency coverage are detected with the right intensity predicted 
by a model (see below) and no predicted line is missing in the 
observed spectrum. 

We used the XCLASS software (see lComito et alj|2005h to 
model the emission of all known molecules in the local ther- 
modynamic al equilibrium approximation (LTE for short). Each 
molecule is modeled separately and assumed to be emitted by 
a uniform region. For each molecule, the free parameters are: 
source size, temperature, column density, velocity linewidth, ve- 
locity offset with respect to the systemic velocity of the source, 
and a flag indicating if its transitions are in emission or in ab- 
sorption. For some of the molecules, it was necessary to include 
several velocity components to reproduce the observed spectra. 
The velocity components in emission are supposed to be non- 
interacting, i.e. the intensities add up linearly. This approxima- 
tion is valid for two distinct, non-overlapping sources smaller 
than the beam of the telescope, but it is a priori less good for, 
e.g., a source that consists of a hot, compact region surrounded 
by a cold, extended envelope or two overlapping sources of spec- 
trally overlapping optically thi ck emission. More det ails about 
the entire analysis are given in IBelloche et alj d2008al) and the 
detailed results of this modeling will be published in a forth- 
coming article describing the complete survey (Belloche et al., 
in prep.). So far, we have identified 49 different molecules, 
60 rare isotopologues, and lines arising from within 42 vibra- 
tionally or torsionally excited states apart from the gound state 
in Sgr B2(N). This represents about 60% of the lines detected 
above the 3<x level. In Sgr B2(M), the corresponding numbers 
are 42, 53, 23, and 50%, respectively. 
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3. Identification of ethyl formate 

3.1. Ethyl formate frequencies 

Ethyl formate, C2H5OCHO, is also known as formic acid 
ethyl ester, or, according to the International Union of 
Pure and Applied Chemistry (IUPAC), as ethyl methanoate. 
Its rotational spectrum was studied in the microwave 
dRiveros & Bright Wilson 19671) and in the m illimeter wave re- 
gions up to 241 GHz (Demaison et al. 1984). The molecule oc- 
curs in two conformers. The heavy atoms C-C-OC=0 form a 
planar zigzag chain in the lowest anf/-conformer which occa- 
sionally is also called the frara s-conformer. The two c onformers 
are depicted schematically in iMedvedev et alJ (|2009). The ter- 
minal methyl group is rotated by ~ 95° to the left or to the 
right in the gauche-conformer. Because of these two options, 
the gauche-conformer would be twice as abundant as the anti- 
conformer if the energy difference between the two were zero. 
However, the gaMc/ze-conformer is 0.7 8 + 0.25 kJ moL 1 or 65 + 
21 cm ' 1 or 94 ± 30 K higher in energy (Riveros & Bri ght Wilson! 
Il967l) . Therefore, the abundance of the gauche-conformer is 
less than twice that of the anf/-conformer, in particular at lower 
temperatures. Since the energy difference has been estimated at 
room temperature only from relative intensities in the ground 
state spectra and since excited vibrational states have not been 
taken into consideration the error in the energy difference may 
well be larger. 

Anf/-ethyl formate is a strongly prolate molecule (A » 
B x C) with electric dipole moments for a- and fo-type transi- 
tions, /j. a and Hb, of 1.85 and 0.70 D, respectively. The gauche- 
conformer is more asymmetric, A is smaller by approximately 
one third and B and C are larger by about one third. The 
dipole moment components are ji a = 1.45, ji D = 1.05, and 
fi c = 0.25 D (iRiveros & Bright Wilson] 1 19671) . Internal rota- 
tion of the terminal methyl group can be neglected. Tunneling 
between the two ffaMc/ze-conf ormers has not been observed 
( IRiveros & Bright Wilsonll 19671) . 

In the early stages of the current st udy we received addi- 
tional ethyl formate data from E. Herbst ( IMedvedev et al.i r2009) 
based on spectra taken at the Ohio State University (OSU) and 
covering the frequency range 106 - 378 GHz. The predictions 
used for the current analysis are based on this data set. An en- 
try for ethyl formate will be available in the catalog section of 
the Cologne Database fo r Molecular Spectroscopy (CDMSQ, see 
Mull er et al.l2001l l2005). The partition function of ethyl formate 
is 5.690 x 10 4 and 1.518 x 10 4 at 150 and 75 K, respectively. In 
the course of the analysis, the two conformers have been treated 
separately on occasion to evaluate if the abundance of either con- 
former is lower than would be expected under LTE conditions. 



3.2. Detection of ethyl formate in Sgr B2(N) 

For us to claim a reliable detection of a new molecule, it is essen- 
tial that many lines of this molecule be detected in our spectral 
survey and that all the other expected lines, as predicted by our 
LTE model, either be blende d with lines of other s pecies or be 
below our detection limit (see lBelloche et al1l2008al) . Therefore, 
in the following, we inspect all transitions of ethyl formate in 
our frequency range. We list in Tables Q] and [2] {online mate- 
rial) only the transitions that our LTE modeling predicts to be 
stronger than 20 mK in the main-beam brightness temperature 
scale. 711 transitions of the anf/-conformer and 478 transitions 
of the gauche-conformer are above this threshold that is conser- 



vative since it is below 1 .5 times the rms noise level of the best 
part of our survey (and even below the rms noise level of most 
parts of our survey). To save some space, when two transitions 
have a frequency difference smaller than 0. 1 MHz that cannot be 
resolved, we list only the first one. We number the transitions in 
Col. 1 and give their quantum numbers in Col. 2. The frequen- 
cies, the frequency uncertainties, the energies of the lower levels 
in temperature units, and the Sfi 2 values are listed in Col. 3, 4, 
5, and 6, respectively. Since the spectra are in most cases close 
to the line confusion limit and it is difficult to measure the noise 
level, we give in Col. 7 the rms sensitivity computed from the 

F 2 T 

system temperature and the integration time: <x = x 



ya/r 

with F e ff and B e g the forward and beam efficiencies, r sys the 
system temperature, 6f the spectral resolution, and t the total 
integration time (on-source plus off-source). 

We list in Col. 8 of Tables[T]and|2]comments about the blends 
affecting the transitions of the and- and gaMc/ie-conformers of 
ethyl formate. As can be seen in these tables, most of the ethyl 
formate lines covered by our survey of Sgr B2(N) are heavily 
blended with lines of other molecules and therefore cannot be 
identified in this source based on our single-dish data. Only 46 
of the 711 transitions of the an?/-conformer are relatively free 
of contamination from other molecules, known or still uniden- 
tified according to our modeling. They are marked "Detected" 
or "Group detected" in Col. 8 of Table Q] and are listed with 
more information in Table[3] We stress that all transitions of suf- 
ficient strength predicted in the frequency range of our spectral 
survey are either detected or blended, i.e. no predicted transition 
is missing in the observed spectrum. The 46 detected transitions 
correspond to 24 observed features that are shown in Fig.[T](o«- 
line material) and labeled in Col. 8 of Table [3] For reference, 
we show the spectrum observed toward Sgr B2(M) in these fig- 
ures also. We identified the ethyl formate lines and the blends 
affecting them with the LTE model of this molecule and the LTE 
model including all molecules (see Sect. 12.21 ). The parameters 
of our best-fit LTE model of ethyl formate are listed in Table [4] 
and the model is overlaid in red on the spectrum observed to- 
ward Sgr B2(N) in Fig.Q] The best-fit LTE model including all 
molecules is shown in green in the same figures. 

For the frequency range corresponding to each detected ethyl 
formate feature, we list in Table[3]the integrated intensities of the 
observed spectrum (Col. 10), of the best-fit model of ethyl for- 
mate (Col. 11), and of the best-fit model including all molecules 
(Col. 12). In these columns, the dash symbol indicates transi- 
tions belonging to the same feature. Columns 1 to 7 of Table [3] 
are the same as in Table Q] The lcr uncertainty given for the in- 
tegrated intensity in Col. 10 was computed using the estimated 
noise level of Col. 7. 

The measurements of the a«f/-conformer of ethyl formate 
are plotted in the form of a population diagram in Fig. [2^, 
which plots upper level column density divided by statistical 
weight, N u /g u , versus the upper level energy in Kelvins (see 
Goldsmith & Langerl ll999l) . The data are shown in black and 
our best-fit model of ethyl formate in red. Out of 12 features 
encompassing several transitions, one contains transitions with 
different energy levels and was ignored in the population dia- 
gram (feature 17). We used equation A5 of Snyder et al. (2005) 
to compute the ordinate values: 



ln& 



In 



1.67W r x 10 1 
S/i 2 Bv 



l ro t \ / 



(1) 



http://www.cdms.de 



where Wj is the integrated intensity in K km s 1 in main-beam 
brightness temperature scale, S/j 2 the line strength times the 
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Table 3. Transitions of the anf/-conformer of ethyl formate detected toward Sgr B2(N) with the IRAM 30 m telescope. 
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Notes: 8 Numbering of the observed transitions associated with a modeled line stronger than 20 mK (see Table [T}. * Frequency uncertainty. c 
Lower energy level in temperature units (E\lk^). d Calculated rms noise level in T m \, scale. ' Numbering of the observed features. * Peak opacity 
of the modeled feature. g Integrated intensity in r mb scale for the observed spectrum (Col. 10), the ethyl formate model (Col. 11), and the model 
including all molecules (Col. 12). The uncertainty in Col. 10 is given in parentheses in units of the last digit. 



dipole moment squared in D 2 , B the beam filling factor, v the fre- 
quency in GHz, T rot the rotation temperature in K, Nt the molec- 
ular column density in cm -2 , and Z the partition function. This 
equation assumes optically thin emission. To estimate by how 
much line opacities affect this diagra m, we applied the opac- 
ity correction facto r C T = j^—? (see Golds mith & Langer] 1999; 
ISnvder et al] |2005) to the modeled intensities, using the opaci- 



ties from our radiative transfer calculations (Col. 9 of Table [3); 
the result is shown in green in Fig. [2^. The population diagram 
derived from the modeled spectrum is slightly shifted upwards 
but its shape, in particular its slope (the inverse of which approx- 
imately determines the rotation temperature), is not significantly 
changed, since In C T does not vary much (from 0.019 to 0.053). 
The populations derived from the observed spectrum in the opti- 
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Table 4. Parameters of our best-fit LTE model of ethyl formate. 



Size" 


T b 
1 rot 


N c 


AV d 


v oS e 


(") 


(K) 


(cnT 2 ) 


(km s _1 ) 


(kms" 1 ) 


(1) 


(2) 


(3) 


(4) 


(5) 


3.0 


100 


5.40 x 10 16 


7.0 


0.0 



Notes: " Source diameter (FWHM). Temperature. c Column density. 
d Linewidth (FWHM). e Velocity offset with respect to the systemic 
velocity of Sgr B2(N) V, sr = 64 km s -1 . 

cally thin approximation are therefore not significantly affected 
by the optical depth of the ethyl formate transitions^. The scat- 
ter of the black crosses in Fig. [2^ is therefore dominated by the 
blends with other molecules and uncertainties in the baseline re- 
moval (indicated by the downwards and upwards blue arrows, 
respectively). 

The population diagram derived from the modeled spec- 
trum in Fig. is systematically below the measurements. Since 
most of the detected features of the anf/-conformer of ethyl for- 
mate are partially blended with lines from other molecules (see 
Col. 13 of Table [3), we can use our model including all identi- 
fied molecules (shown in green in Fig.[TJ to remove the expected 
contribution from the contaminating molecules. Instead of com- 
puting N u lg u with the integrated intensities 7 b s listed in Col. 10 
of Table [3] we can use the value / t, s - (7 a ii - ^mod) derived from 
Col. 10, 11, and 12. The corrected population diagram is shown 
in Fig. [2J3. The predicted (red) and measured (black) points are 
much closer to each other. A close inspection of Fig. Q] shows 
however that the wings of most detected features of ethyl for- 
mate are still contaminated by U-lines, which explains why the 
measured points are still above the predicted ones in the popu- 
lation diagram (our fitting method with XCLASS is mainly fo- 
cused on the peak intensity, not on the integrated intensity). The 
only exception is feature 9 for which the level of the baseline 
was obviously overestimated (see panel 7 of Fig. [T}. 

Given the remaining uncertainties due to the contamination 
from U-lines, it is difficult to derive the temperature with high 
accuracy. However, feature 17, which can unfortunately not be 
shown in the population diagram since it is a blend of several 
transitions with different energy levels (from 149 to 253 K), is 
significantly detected in panel 13 of Fig. Q] This is a strong in- 
dication that the temperature cannot be much lower than 100 K. 
Overall, we estimate the resulting uncertainty on the derived col- 
umn density to be on the order of 25%. Finally, since all detected 
transitions are optically thin and the region emitting in ethyl for- 
mate is most likely compact given its high temperature, column 
density and source size are degenerate. We fixed the source size 
to 3". This is approximately the size of the region emitting in 
the chemically related molecule methyl formate (CH3OCHO) 
that we measured with the IRAM Platea u de Bure interferom- 
eter (see Table 5 of lBelloche et~ai1l2008bl) . 

From this analysis, we conclude that our best-fit model for 
the anri-conformer of ethyl formate is fully consistent with our 
30 m data of Sgr B2(N). This detection of ethyl formate is, to 
our knowledge, the first one in spaced 

5 Note that our modeled spectrum is anyway calculated with the full 
LTE radiative transfer that takes into account the optical depth effects 
(see Sect. 12.21 . 

6 iJones et al. (2007) tentatively identified three lines detected with 
the Australia Telescope Compact Array at ~86.2738, ~86.9784, and 
~ 86.9787 GHz as two transitions of the a«ft-conformer of ethyl for- 
mate, the second one with two velocity components. However, our 
model predicts a peak temperature of the ethyl formate transition at 



No feature of the gauche -conform&c of ethyl formate is 
clearly detected in our spectral survey of Sgr B2(N). Only one 
feature at 213.6 GHz is possibly detected, but the baseline in this 
frequency range is very uncertain and the feature is blended with 
a transition of H 13 CCCN (see Table [2J. If we consider this fea- 
ture as a detection, then it implies a column density a factor 2 
smaller than for the a«f/-conformer. This may suggest that the 
distribution of ethyl formate molecules in the two conformers 
is not in thermodynamical equilibrium. However, we first have 
to evaluate the uncertainty on the ratio of the and- and gauche- 
conformer populations coming from the uncertainty on the en- 
ergy difference between the two conformers (AE = 65+21 cm -1 , 
see Sect. |3J}- With AE = 0, the ratio would be 1 /2. For 
the preferred energy difference of 65 cm" 1 , we have a ratio of 
about 0.56/0.44 at 100 K. If we assume an energy difference of 
86 ctrT 1 this ratio would change to 0.62/0.38, i.e. a variation of 
~ 30%. This is not enough to compensate for the factor 2 men- 
tioned above, but can have a significant contribution. In addition, 
a model of the emission spectrum of the gauche-conformer with 
the same parameters as for the onf/-conformer is not excluded 
because of the large uncertainty on the baseline at 213.6 GHz. 
Therefore, given the lar ge densities characteriz ing the hot core 
in Sgr B2(N) (see, e.g., iBelloche et al.ll2008alfbh . it seems un- 
likely that the population in the gaMc/je-conformeris subthermal 
compared to the anf/-conformer. 

3.3. Upper limit in Sgr B2(M) 

We do not detect ethyl formate in our spectral survey toward 
Sgr B2(M). Using the same source size, linewidth, and tempera- 
ture as for Srg B2(N) (see Tabled, we find ~ 3<x column density 
upper limits of 2.0 x 10 16 crrT 2 and 4.0 x 10 16 cnT 2 in the LTE ap- 
proximation for the and- and gaMc/je-conformers, respectively. 
The column density of ethyl formate is thus at least a factor ~ 3 
lower toward Sgr B 2(M) than towar d SgrB 2(N). This is not sur- 
prising since, e.g.. iNummelin et"ai] ((2000) found that hot-core- 
type molecules are more abundant in Sgr B2(N) by factors 3-8 
as compared to Sgr B2(M). 

3.4. Comparison to related species 

We easily detect the already known molecules formic acid 
in the trans form (f-HCOOH or f-HOCHO), methyl for- 
mate (CH3OCHO), ethanol (C 2 H 5 OH), and dimethyl ether 
(CH3OCH3) in our survey toward Sgr B2(N) (see also, e.g., 



86.977087 GHz on the order of 2 mK whereas the two lines detected 
with the 30 m telescope close to this frequency have peak tempera- 
tures of 0.38 and 0.65 K, respectively! We identified these two lines 
with two velocity components of a transition of the vibrationally excited 
Ui3=l/v2i = l state of ethyl cyanide, and our modeled spectr um matches 
the ob served lines very well. The tentative identification of Jon es et all 
( 2007) at this frequency is therefore not confirmed. On the other hand, 
the line detected at ~86.2738 GHz in our survey is still unidentified. 
Th e frequency of the 45s.4i ^44638 transition of ethyl formate mentioned 
by Jones et al. ( 2007) comes from the JPL catalog jPickett et aT1ll998L 
see http://spec.jpl.nasa.g0v/l. Our catalog contains a significantly differ- 
ent frequency for this transition (86256.5339 ± 0.0114 MHz instead of 
86273.7945 ± 0.2103 MHz), and our model anyway predicts a very low 
peak temperature on the order of 0.3 mK for this transition. Our cata- 
log contains two other overlapping transitions closer to 86.2738 GHz 
(35io,26-36 9 ,27 and 35 10.25 -36 9 , 28 at 86.2703101 and 86.2703225 GHz, 
respectively). However, our model predicts a very low peak tempera- 
ture of 0.6 mK for these transiti ons as well. Therefore, this tentative 
identification of Jones et al. (2007) is not confirmed either. 



A. Belloche et al.: Detection and chemical modeling of ethyl formate and ;i-propyl cyanide in Sgr B2(N) 



29 - 



28 



o 








(a) _ _ 



27 



15 
7 20 

22 5 
193 1? 3 
816 

612 

21 23 
14 U 



26 



10 A 




50 



100 



50 



100 



(k; 



E u /k B (K 



Fig. 2. a) Population diagram of the anf/-conformer of ethyl formate in Sgr B2(N). The red points were computed in the optically 
thin approximation using the integrated intensities of our best-fit model of ethyl formate, while the green points were corrected for 
the opacity. The black points were computed in the optically thin approximation using the integrated intensities of the spectrum 
observed with the IRAM 30 m telescope. The error bars are l<x uncertainties on N u /g u . Blue arrows pointing downwards mark the 
transitions blended with transitions from other molecules, while blue arrows pointing upwards indicate that the baseline removed 
in the observed spectrum is uncertain. The arrow length is arbitrary. The feature labels are shown in black shifted by -1.8 along 
the Y-axis for clarity, except for feature 9 for which it is shifted by +1.2. The measurement corresponding to feature 24 (at E u /ks 
= 65 K) is not shown since the integrated intensity measured toward Sgr B2(N) is negative, most likely because the level of the 
baseline was overestimated. Feature 17 is a blend of several transitions with different energy levels and was therefore also omitted, 
b) Same as a) but with the expected contribution from the contaminating molecules removed from the integrated intensities of the 
observed spectrum. 



iNummelin et al.l [2000t iLiu et al.l l2.Q0ll). The parameters of our 
current best fit models of these molecules are listed in Table [5] 
All species have two velocity components that co rrespond to the 
two ho t cores embedded in Sgr B2(N) (see, e.g.. lBelloche et all 
2008a for a discussion about these two sources). Ethyl formate 
may have a second velocity component too, but our survey is not 
sensitive enough to detect it with a significant signal-to-noise 
ratio. Using the same parameters as for the first velocity compo- 
nent but a velocity shift of 10 km s _1 , we estimate a 3cr upper 
limit of ~ 2.4 x 10 16 cirT 2 for the column density of a second 
velocity component of ethyl formate. 

The lines of formic acid are optically thin in our model, so 
the size of the emitting region cannot be measured with our 
single-dish data. It was here fixed to 5", assumin g that a more ex- 
tended region would have a lower temperature. INummelin et all 
(2000) derived a temperature of 74+^ K and a beam-averaged 
column density of ~ 4.2^ jj x 10 14 cirT 2 in the LTE approxima- 
tion with the SEST telescope (HPBW ~ 23" at 1.3 mm). They 
used a linewidth of 13 km s _1 (FWHM), which more or less cor- 



responds to the combination of the two velocity components we 
identified. Their column density translates into a column density 
of ~ 9.3^2 4 x 10 15 cirT 2 for a source size of 5", i.e. about a factor 
2 smaller than the sum of the column densities of both velocity 
components in Table [5] At least two reasons may explain this 
discrepancy. First of all, as we noticed in our own partial survey 
at 1 .3 mm, the level of the baseline in this wavelength range is 
very uncertain for Sgr B2(N) because of the line confusion and it 
may easily be overestimated. Second, at these high frequencies 
in Sgr B2(N), the dust is partially optically thick and should par- 
tially absorb the line emission^. We estimate that the combina- 



7 iLis et al.1 j 19931) measured a peak flux of 20 Jy/4.5" x 3.7"-beam at 
227 GHz toward Sgr B2(N), i.e. 28 K in temperature unit. For a tem- 
perature of ~ 100 K, this yields a dust optical depth of ~ 0.34. On 
larger scales (~ 10"). Gor don et al] j 19931) estimated that the dust opac- 
ity toward Sgr B2(N) reaches a value of 1 at 850 /im, which implies an 
opacity of ~0.43-0.53 at 1.3 mm. As a result, if not taken into account, 
these significant opacities imply an underestimate of the line intensities 
by a factor ~ 1.4—1.7. 
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Table 5. Parameters of our best-fit LTE models of formic acid, 
methyl formate, ethanol, and dimethyl ether. 



Molecule" 


Size" 


* ro t C 


N" 


AV e 


v off ' 




(") 


(K) 


(cnT 2 ) 


(kms" 1 ) 


(kms-') 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


r-HCOOH 


5.0 


70 


1.50 x 10 16 


8.0 


-1.0 




5.0 


70 


7.50 x 10 15 


8.0 


9.0 


CH3OCHO 


4.0 


80 


4.50 x 10 17 


7.2 


0.0 




4.0 


80 


1.50 x 10 17 


7.2 


10.0 


C 2 H 5 OH 


3.0 


100 


8.40 x 10 17 


8.0 


0.0 




3.0 


100 


3.00 x 10 17 


7.0 


10.0 


CH3OCH3 


2.5 


130 


2.30 x 10 18 


6.0 


0.0 




2.5 


130 


1.10 x 10 18 


6.0 


10.0 



Notes: " We used the CDMS entry for f-HCOOH (version 1), and the 
JPL entries for CH3OCHO (ver. 1), C 2 H 5 OH (ver. 4), and CH3OCH3 
(ver. 1). See references to the laboratory data therein. b Source diameter 
(FWHM). c Temperature. d Column density. e Linewidth (FWHM). f 
Velocity offset with respect to the systemic velocity of Sgr B2(N) Vi sr = 
64 km s" 1 . 



tion of these two effects can lead to underestimating the true line 
intensities by about a factor 2 or 3. In addition, assuming a tem- 
perature of 200 K, iLiu et alJ ((2001 ) measured a beam-averaged 
column density of 1.1 + 0.3 X 10 16 cnT 2 with the BIMA inter- 
ferometer at 86-90 GHz (HPBW ~ 14" x 4"). This translates 
into a column density of ~ 6.3 + 1.5 x 10 15 cm -2 for a source 
size of 5" and a temper ature of 70 K. The interferometric detec- 
tion of lLiu et alJ d200lh is somewhat uncertain but suggests that 
about half of the 30 m flux may be emitted by an extended re- 
gion filtered out by the interferometer. The formic acid column 
density of the compact sources listed in Table [5] may therefore 
be overestimated by up to a factor 2. 

The lines of methyl formate have opacities of up to about 
1 in our model of the 3 mm spectrum, which puts only weak 
constraints on the sour ce size that we fixed to 4". Assuming a 
temperature of 200 K, Num melin et alJ d2000t) derived a beam- 
averaged column density of ~ 5.6^'j x 10 15 cm" 2 with the SEST 
telescope for the a-type lines and, assuming a temperature of 
500 K, ~ 4.0^0 4 X 10 16 cm" 2 for the b-Vype lines. For a temper- 
ature of 80 K and a source size of 4", the column density of the 
a-type lines translates into a column density of ~ 1.2xl0 17 cm" 2 , 
which is about a factor 5 smaller than the one we derived here 
for the sum of the two velocity components. Again, the uncer- 
tainty on the level of the baseline and the partial dust absorp- 
tion at 1.3 mm may explain part of this discrepancy. In addition, 
we note that our model at 3 mm reproduces quite well both the 
a- and fo-type lines with the same temperature and column den- 
sity (s ee Appendix [Al online material), while Nu mmelin et alJ 
d200Q ) found an order of magnitude difference between the col- 
umn densities of the two types. We believe that this discrepancy 
results from the fact that they did not properly take into account 
the line blending, which is large in Sgr B2(N) and should af- 
fect the (weak) fe-type lines the most, and that they underes- 
timated the line opacities of the (strong) a-type lines that our 
model predicts to be on the order of 1-3 in the 1.3 mm range. 
Using the BI MA interferomet er at 90.15 GHz with a beam size 
of 14" x 4", ILiu et alJ d2001h found a beam -averaged column 
density of 1.1 x 10 17 cm" 2 for an assumed temperature of 200 K 
in the optically thin approximation. This translates into a col- 
umn density of 1.5 x 10 17 cm" 2 for a source size of 4" and 
a temperature of 80 K. However, our model predicts an opac- 
ity of ~ 0.6 for this transition, which implies a higher column 



density of 2.0 x 10 17 cm" 2 . This is still about a factor 2 times 
lower than our estimate and suggests that, like in the case of 
formic acid, half of the single-dish flux may actually come from 
a region more extended than the size of our model and may 
be filtered out by the interferometer. This conclusion is further 
supported by the flux ratio of 1.7 between the 12 m telescope 
(HPBW = 71") and BIMA ( HPBW = 25.2" x 6.3") measure- 
ments of iFriedel et alJ ((2004) at 86-90 GHz, and the flux ratio 
of 2.3 we found between the measurements done with the 30 m 
telescope and t he Plateau de Bure int erferometer at 82.2 GHz 
(see Table 5 of iBelloche et alj|200 8b). As a result, the methyl 
formate column density of the compact sources listed in Table [5] 
may be overestimated by up to a factor 2. 



Most lines of ethanol are optically thin at 3 mm (r < 0.7), 
except for three lines that are marginally optically thick (r ~ 
1 - 1.2). As a result, the source size is no t well contrained 
and we fixed it to 3". Nummelin et al. I (120001) derived a beam- 
averaged column density of 4.2 + 0.2 x 10 15 cm" 2 for a tem- 
perature of 73^ K with the SEST telescope. This translates into 
a column density of 2.5 x 10 17 cm" 2 for a source size of 3", 
which is significantly lower than our measurement. However, 
iNummelin et alJ (|2000) used an earlier version of the JPL entry 
for ethanol that turned out to be inaccurate (J. Pearson, private 
communication). With this older version, we determined column 
densities of 2.8 x 10 17 and 8.9 x 10 16 cm" 2 for b oth velocity com- 
ponen ts, which was consistent with the result of Nummelin et al.l 
(2000). The column densities given in Table [5] were obt ained 
with the latest JPL entry for ethanol dPearson et al. 2008b. The 
high-e nergy lines (E\/k^ ~ 40 - 80 K) detected by Friedel et al.l 
(2004) with the NRAO 12 m telescope and the BIMA interfer- 
ometer have the same fluxes with both instruments, implying 
that they are emitted by a compact region. Only the 4^4 - 3o.3 
line with E\/kg = 5.0 K has an interferometric flux signifi- 
cantly lower than the single-dish flux. Our LTE model is also too 
weak for this transition compared to the spectrum obtained with 
the 30 m telescope. However, it fits well the low-energy transi- 
tions at 84.595868 GHz (Ei/k B = 9.4 K) and 112.807174 GHz 
(E\/Icb = 2.1 K) detected in our survey. Therefore, it is un- 
clear whether the BIMA missing flux of the 4 14 - 3n.3 transition 
suggests an additional cold, extended component, or this line is 
heavily blended with a transition of another molecule. 



Our model of dimethyl ether predicts line opacities up to 
2. The size of the emitting r egion is thus rea s onably well con- 
strained for this molecule. INummelin et alJ d2000l) derived a 
beam-averaged column density of 7.9*2 ? x 10 15 cm" 2 for a tem- 
perature of 197^2 K with the SEST telescope. This translates 
into a column density of 6.8 x 10 17 cm" 2 for a source size of 
2.5", which is a factor 4 lower than derived here. The discrep- 
ancy most likely comes from the b eam filling factor of unity as- 
sumed by Nummeli n et al.l (|2000) that leads to underestimating 
the line opacities. Our LTE model indeed predicts line optical 
depths up to 9 in the 1.3 mm window. 



After rescaling to the same size of 3", the rela- 
tive column densities of the three related molecules 
f-HCOOH / CH3OCHO / C 2 H 5 OCHO are about 0.8 / 15 / 1 for 
the first velocity component, and 0.9 / 1 1 / 1 for the second 
velocity component using the upper limit found for ethyl 
formate. We discuss these ratios and the implications for the 
interstellar chemistry in Sect. [5] 



8 



A. Belloche et al.: Detection and chemical modeling of ethyl formate and ;i-propyl cyanide in Sgr B2(N) 



4. Identification of n-propyl cyanide 

4.1. n-Propyl cyanide frequencies 

/1-Butanenitrile, C3H7CN, is more commonly known as n-propyl 
cyanide or «-butyronitrile. I ts rotational spectrum has been in- 
vestigated in the microwave dHirotall962tlDemaison & Dreizlerl 
1982; Vormann & Dreizler 1988) and in the mi llimeter wave re- 
gions up to 284 GHz dWlodarcza k et alj[l988l) . The n indicates 
the normal isomer with the carbon atoms forming a chain, in 
contrast to the iso isomer which has a branched structure. This 
isomer has been studied to a lesser extent. However, its rotational 
spectrum is currently under investigation in Cologne. 

n-Propyl cyanide exists in two conformers, anti and gauche, 
just as does ethyl formate. Again, the a«f/-conformer is the 
lower energy form, is strongly prolate, and has a large a-dipole 
moment component of 3.60 D and a still sizable Z?-dipole mo- 
ment component of 0.98 D. The gaMc/ie-conformer is 1.1 ± 
0.3 kJmor 1 or 92 ± 25 ctrT 1 or 132 ± 36 K higher in en- 
ergy, more asymmetric, and has fi a = 3.27 and fib = 2.14 D 
(WIo darczaketal.l [l988). The energy difference has been esti- 
mated at room temperature and at 233 K from relative intensi- 
ties in the ground state spectra. Since excited vibrational states 
have not been taken into consideration the error in the energy dif- 
ference may well be slightly larger than m entioned above. The 
residu als quoted in the most recent study (IVormann & Dreizlerl 
1988) for their measurements are frequently much larger than 
the suggested uncertainties of about 5 kHz suggesting an insuffi- 
cient set of spectroscopic parameters was used. Moreover, only 
newly determined rotational and centrifugal distortion parame- 
ters were given for the gauche-conformer. Therefore, new sets of 
rotational and centrifugal distortion parameters were determined 
for both conformers in the present study. 

In the initial fits transition f requencies were taken from 
all four studies (iHirotal [T962; Demaison & Dreizler 1982; 
IWIodarczak et alj Il988t IVormann & Dreizlerl 11988b . Two b- 
type transitions from IWIodarczak et al] d 19881) were omit- 
ted from the fits as su ggested in the erratum to this paper 
( IWIodarczak et al.ll 1 99 lb. On the other h a nd, tra nsition frequen- 
cies not given in IVormann & Dreizlerl dl988l) . but deposited 
at the library of the University of Kiel were obtained from 
there and included in the fits. Uncertainties o f 200, 10, 50 , 
and 5 kHz were assig ned to the transitions from Hirota ( 1962b . 
Demaison & Dreizlerl d 19821) . IWIodarczak et al.1 d 19881). and 



Table 8. Spectroscopic parameters" (MHz) of n-propyl cyanide. 



Parameter 



anti 



gauche 



Vormann & Dreizle rTd 1988b. respective ly. iDemaison & Dreizlerl 
d 19821) and IVormann & Dreizlerl d 1988b resolved in part internal 
rotation of the methyl group or quadrupole splitting of the 14 N 
nucleus in their laboratory measurements. The methyl internal 
rotation is unlikely to be resolved in astronomical observations. 
The quadrupole splitting may be resolvable for some low en- 
ergy transitions, but these will be generally too weak. Therefore, 
only the unsplit frequencies were used from these two studies. In 
the unlikely event of detecting «-pr opyl cyanide in cold sources , 
quadrupole parameters published in Vormann & Dreizler ( 1988) 
would be adequate. 

Th ere were comparatively few transitions reported in lHirotal 
(1962), and their uncertainties were fairly large. Trial fits with 
these transitions omitted from the fits caused essentially no 
change in the values and in the uncertainties of the spectro- 
scopic parameters. Therefore, these transitions were omitted 
from the final fits. Two transitions, 36i 36 - 35o,35 of the anti- 
conformer and 3 1 5,27—305,26 of the gaMc/ze-conformer, had resid- 
uals between observed and calculated frequencies larger than 
four times the experimental uncertainties. Therefore, these tran- 
sitions were omitted from the data sets. The final line list for the 



A 


23 668.31931(143) 


10 060.41649(108) 


B 


2268.146 892(147) 


3 267.662408(301) 


C 


2152.963 946(168) 


2 705.459 572 (290) 


D K x 10 3 


240.653 (29) 


60.235 (6) 


D JK x 10 3 


-10.826 31(92) 


-18.26470(117) 


Dj x 10 6 


398.674(69) 


3 195.064(207) 


di x 10 6 


-46.637 (42) 


-1037.470(55) 


d 2 x 10 6 


-0.590 1 (59) 


-77.1864(183) 


H K x 10 6 


2.5 


1.806(18) 


H KJ x 10" 


372.4 (24) 


-517.3(35) 


H JK x 10" 


-20.67 (20) 


9.92 (68) 


Hj x 10" 


0.353(11) 


4.486(56) 


h x x 10" 


0.117(14) 


2.505 (29) 


hi x 10 12 




524.6(135) 


h 3 x 10 12 




111.3(31) 


Ukj X 10 12 




30.6(31) 


L JK x 10 12 




-4.11(78) 



" Watson's S -reduction was used in the representation /'. Numbers in 
parentheses are one standard deviation in units of the least significant 
figures. Parameter values with no uncertainties given were estimated. 
A long dash indicates parameters that are determinable in theory, but 
could not be determined with significance here. 



a»f/-conformer contained 4, 93, and 5 diff e rent transition fre- 
quenc ies from Demaison & Dreizler (1982), Wtodar czak et al] 
dl988h . and IVormann & Dreizlerl d!988h . respectively. The to- 
tal number of transitions is larger by 62 because of unresolved 
asymmetry splitting. The corresponding numbers of different 
transition frequencies for the gai<c/!<?-conformer are 4, 119, and 
46. Unresolved asymmetry splitting causes the total number of 
transitions to be larger by 46. The final line lists for both con- 
formers are given in Tables [6]and[7](onZ/n<? material). 

The asymmetry parameter k = (2B - A - C)/(A - C) is 
-0.9893 for anf/-n-propyl cyanide, rather close to the symmet- 
ric prolate limit of -1. In such cases it is advisable to avoid us- 
ing Watson's A -reduction and use the S -reduction instead. In the 
case of the gaMc/ze-conformer one finds k = -0.8471. In this case 
both reductions may be used. In the present work the S -reduction 
was used throughout for consistency reason. The sextic distor- 
tion parameter Hk of the anf;-conformer was initially estimated 
to be smaller than Dk by the same factor that that parameter 
is smaller than A. This is certainly only a crude estimate. Trial 
fits with Hk released suggested its value to be slightly larger 
than this estimate. But since the uncertainty was more than a 
third of its value and since the difference was smaller than the 
uncertainty, Hk was finally fixed to the estimated value. The fi- 
nal spectroscopic parameters are given in Table [8] Overall, the 
transition frequencies have been reproduced within experimen- 
tal uncertainties as the dimensionless rms errors are 0.75 and 
0.66 for the anti and gauche-conformer, respectively. The values 
for the individual data sets do not differ very much from these 
values. Moreover, this is reasonably close to 1.0 and suggests the 
ascribed uncertainties are quite appropriate. 

The gaMc/ie-conformer is considerably more asymmetric 
than the anfz-conformer. Therefore, it is probably not surprising 
that the distortion parameters describing the asymmetry splitting 
(the off-diagonal d, and the hi) are not only larger in magnitude 
for the former conformer, but also more of these terms are re- 
quired in the fits. In addition, two octic centrifugal distortion 
parameters L were needed in the fit of the gaHc/ie-conformer 
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resulting in an overall much larger parameter set and thus a 
much slower converging Hamiltonian compared with the anti- 
conformer. A similar situation occured in t he recent investiga- 
tion of ethyl formate dMedvedev et al.l l2009) where also a much 
larger set of spectroscopic parameters was needed to fit the data 
of the gaMcne-conformer compared to the ann'-conformer. 

The predictions used for the current analysis will be made 
available in the CDMS (M uller et ai1l2001l l200l see footnote 

The partition function of n-propyl cyanide is 5.608 x 10 4 at 
150 K. In the course of the analysis, the two conformers again 
have been treated separately on occasion to evaluate if the abun- 
dance of either conformer is lower than would be expected under 
LTE conditions. 

4.2. Detection of n-propyl cyanide in Sgr B2(N) 

To identify n-propyl cyanide, we used the same method as for 
ethyl formate (see Sect. 13.21 . In our spectral survey, 636 transi- 
tions of the a«f/-conformer and 706 transitions of the gauche- 
conformer are predicted above the threshold of 20 mK defined 
in Sect. 13.21 They are listed in Tables [9land[T0l(o»Z/we material), 
respectively, which are presented in the same way as Tables Q] 
and|2] Again, as can be seen in these tables, most of the n-propyl 
cyanide lines covered by our survey of Sgr B2(N) are heavily 
blended with lines of other molecules and therefore cannot be 
identified in this source. Only 50 of the 636 transitions of the 
ann'-conformer are relatively free of contamination from other 
molecules, known or still unidentified according to our model- 
ing. They are marked "Detected" or "Group detected" in Col. 8 
of Table [9] and are listed with more information in Table QTJ 
We stress that all transitions of sufficient strength predicted in 
the frequency range of our spectral survey are either detected or 
blended, i.e. no predicted transition is missing in the observed 
spectrum. The 50 detected transitions correspond to 12 observed 
features that are shown in Fig. [3] (online material) and labeled 
in Col. 8 of Table QTJ For reference, we show the spectrum ob- 
served toward Sgr B2(M) in these figures also. We identified the 
n-propyl cyanide lines and the blends affecting them with the 
LTE model of this molecule and the LTE model including all 
molecules (see Sect. 12.2b . The parameters of our best-fit LTE 
model of n-propyl cyanide are listed in Table [121 and the model 
is overlaid in red on the spectrum observed toward Sgr B2(N) in 
Fig. [3] The best-fit LTE model including all molecules is shown 
in green in the same figures. 

For the frequency range corresponding to each detected n- 
propyl cyanide feature, we list in Table QTJ the integrated inten- 
sities of the observed spectrum (Col. 10), of the best-fit model 
of n-propyl cyanide (Col. 11), and of the best-fit model includ- 
ing all molecules (Col. 12). In these columns, the dash symbol 
indicates transitions belonging to the same feature. Columns 1 
to 7 of Table QTJ are the same as in Table [9] The lcr uncertainty 
given for the integrated intensity in Col. 10 was computed using 
the estimated noise level of Col. 7. 

As we did for ethyl formate, we show in Fig.|4^ a population 
diagram derived from the integrated intensities of the detected 
features of the anf/-conformer of n-propyl cyanide. Figure |4j) 
displays the corresponding diagram after removing the expected 
contribution from contaminating molecules (see Sect. |3.2| for de- 
tails). This figure is less helpful than in the case of ethyl formate 
because all features containing several transitions (6 out of 12) 
have transitions with different energy levels and cannot be shown 
in a population diagram. Therefore, this diagram does not help 
much for the determination of the temperature. Feature 3, which 
is a blend of transitions with upper energy levels from 61 to 



Table 12. Parameters of our best-fit LTE model of n-propyl 
cyanide with two velocity components. 



Size" 


T b 
1 rot 


N c 


AV 


v oS e 


(") 


(K) 


(cm -2 ) 


(tms -1 ) 


(km s~') 


(1) 


(2) 


(3) 


(4) 


(5) 


3.0 


150 


1.50 x 10 16 


7.0 


-1.0 


3.0 


150 


6.60 x 10 15 


7.0 


9.0 



Notes: " Source diameter (FWHM). b Temperature. c Column density. 
d Linewidth (FWHM). e Velocity offset with respect to the systemic 
velocity of Sgr B2(N) V lsr = 64 km s~' . 



147 K, is however reasonably well fitted by our 150 K model 
(see panel 2 of Fig. |3) and gives us some confidence in this high 
temperature. This is further confirmed by the high temperatures 
measured in our survey for chemically related molecules (see 
Sect.|4~4lbelow). 

Our model for the anf/-conformer of n-propyl cyanide con- 
sists of two components with different velocities. The need for 
a second component mainly comes from the shape of features 
2, 9, and 12. Its velocity is consistent with the velocity of 
the second component we find for many other, more abundant 
molecules in our survey toward Sgr B2(N). It was shown inter- 
ferometrically that this second velocity component is a physi- 
cally distinct source located ~ 5" to the North of the main ho t 
core in Sgr B2(N) (see, e.g., Sect. 3.4 of iBelloche etail l2008a). 
Our data are consistent with a second component about half as 
strong in n-propyl cyanide as the first component (Table [T2l . 
This is also the ratio we found for the two components of ethyl 
cyanide (C2H5CN) with the IRAM Plate au de Bure interferome - 
ter and the 30 m telescope (see Table 5 of Belloc he et al.l2"0 08b). 
Finally, since all detected transitions are optically thin and the 
two regions emitting in n-propyl cyanide are most likely com- 
pact given their high temperature, column density and source 
size are degenerated. We fixed the source size to 3". This is ap- 
proximately the size of the region emitting in the chemically re- 
lated molecule ethyl cyanide that we measured with the IRAM 
Platea u de Bure interferometer (see Table 5 of IBelloche et alj 
l2008bh . 

From this analysis, we conclude that our best-fit model for 
the anf/-conformer of n-propyl cyanide is fully consistent with 
our 30 m data of Sgr B2(N). This is, to our knowledge, the first 
clear detection of this molecule in spac^3- 

No feature of the gai<cne-conformer of n-propyl cyanide is 
clearly detected in our spectral survey of Sgr B2(N). Only one 
feature at 21 1.4 GHz is possibly detected but the baseline in this 
frequency range is very uncertain and this feature is blended with 
a transition of acetone. If we consider this feature as a detec- 
tion, it implies a column density a factor 2 smaller than for the 

8 iJones et al] {2007) tentatively identified two lines detected with the 
Australia Telescope Compact Array at ~86.9556 and ~90.0560 GHz as 
transitions of the gauche-conformer of n-propyl cyanide. However, our 
model predicts a peak temperature of the n-propyl cyanide transition at 
86.955466 GHz 15 times smaller than the peak temperature (0.13 K) 
of the line detected wi th the 30 m telesco pe at this frequency. The ten- 
tative identification of IJones et alj d2007h at this frequency is therefore 
not confirmed. The origin of this line in our survey is still unknown. As 
far as the other transition is concerned, our model of n-propyl cyanide 
predicts a peak intensity equal to only one quarter of the peak intensity 
(0.07 K) of the line detected with the 30 m telescope at -90.0560 GHz. 
Since this line is blended with a transition of 13 CH3CH2CN that has a 
stronger contribution accor ding to our modeling, the tentative identifi- 
cation of lJones et alj ((2007) should be viewed with caution too. 
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Table 11. Transitions of the anf/-conformer of n-propyl cyanide detected toward Sgr B2(N) with the IRAM 30 m telescope. 
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including all molecules (Col. 12). The uncertainty in Col. 10 is given in parentheses in units of the last digit. 



model of the a«f/-conformer, which may suggest a non-thermal 
distribution of the molecules in the two conformers. However, 
we first have to evaluate the uncertainty on the ratio of the anti- 
and gaMc/ze-conformer populations coming from the uncertainty 



on their energy difference (AE = 92+25 cm -1 , see Sect. 14. 11 1. For 
AE = 92 cm' 1 , the anti to gauche ratio is 0.51/0.49 at 150 K, 
and increases to 0.57/0.43 for AE = 117 cirr 1 , i.e. a variation 
of ~ 30%. This is not enough to explain the factor 2 mentioned 
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Table 13. Parameters of our best-fit LTE models of methyl 
cyanide, ethyl cyanide, vinyl cyanide, and aminoacetonitrile, and 
column density upper limit for cyanomethylidyne. 
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Fig. 4. Population diagram of the anf/-conformer of n-propyl 
cyanide presented in the same way as for ethyl formate in Fig. [2] 
(see the caption of that figure for details). Panel a) shows the 
population diagram derived from the measured integrated in- 
tensities while panel b) presents the population diagram af- 
ter correction for the expected contribution from contaminating 
molecules. Features 1, 2, 3, 6, 9, and 10 are blends of several 
transitions with different energy levels and were therefore omit- 
ted. 



above, but it can have a significant contribution. Above all, the 
uncertainty on the baseline level at 21 1.4 GHz is quite large and 
the data are still consistent with a thermal distribution of the 
gauche- and anf/-conformers. 



4.3. Upper limit in Sgr B2(M) 

We do not detect n-propyl cyanide in our spectral survey toward 
Sgr B2(M). Using the same source size, linewidth, and temper- 
ature as for Srg B2(N) (see Table [121 . we find a ~ 3cr column 
density upper limit of 6 x 10 15 crrT 2 in the LTE approximation 
for both conformers. The column density of n-propyl cyanide is 
thus at least a factor ~ 2 lower toward Sgr B2(M) than toward 
Sgr B2(N), which is a gain consistent with the results of, e.g., 
Num mefin et al.l d200 0) for other molecules. 



4.4. Comparison to related species 

We easily detect the already known molecules methyl cyanide 
(CH3CN) and ethyl cya nide (C7H5CN) in our survey toward 
SgrB2(N) (see also, e .g., iMiao et al.l[l995t iLiu & Snvderlll999t 
Nummeli n et al.ll2000h . The parameters of our current best fit 
models of these two molecules are listed in Table [T"3l Our mod- 
els use also constra ints from the weak er isotopologues contain- 
ing 13 C (see, e.g.. iMuller et al.ll2008l) . The source size is con- 
strained by the optically thick transitions, once the temperature 
has been fitted. For ethyl cyanide, we used in addition the con- 
straints on the source size derived from our high angular resolu- 
tion observations w ith the IRAM Plate au de Bure interferome- 
ter (see Table 5 of lBelloche et al.ll2008bl) . The first two velocity 
components detected in methyl cyanide and ethyl cyanide cor- 
respond to the tw o hot cores embedded in Sgr B2(N) (see, e.g., 
iHoilis et al.ll200l iBelloche" et al.ll2008al) . They are also seen in 
n-propyl cyanide. In addition, methyl cyanide and ethyl cyanide 
show a third component that may arise from the blueshifted 
lobe of an out flow (see the cyanoa cetylene uj = 1 emission in 
Fig. 5k to m of lBelloche et all2008al) . The redshifted counterpart 



Molecule" 


Size 6 


T tot c 


N" 


AV e 


v off ' 




(") 


(K) 


(cm- 2 ) 


(km s-') 


(km s- 1 ) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


CH 3 CN 


2.7 


200 


2.00 x 10 18 


6.5 


-1.0 




2.7 


200 


8.00 x 10 


6.5 


9.0 




2.7 


200 


1.00 x 10 17 


8.0 


-11.0 


C2H5CN 


3.0 


170 


1.20 x 10 18 


6.5 


-1.0 




2.3 


170 


1.40 x 10 18 


6.5 


9.0 




1.7 


170 


9.00 x 10 17 


8.0 


-11.0 


C 2 H 3 CN 


2.3 


170 


8.00 x 10 17 


7.0 


-1.0 




2.3 


170 


2.40 x 10 17 


7.0 


9.0 




2.3 


170 


1.00 x 10 17 


10.0 


-9.0 


NH 2 CH 2 CN 


2.0 


100 


2.80 x 10 16 


7.0 


0.0 


CCN* 


3.0 


200 


< 1.20 x 10 17 


6.5 


-1.0 




3.0 


200 


< 1.20 x 10 17 


6.5 


9.0 



Notes: " We used the JPL entry for CH 3 CN (version 3), and the CDMS 
entries for C 2 H 5 CN (ver. 1), C 2 H 3 CN (ver. 1), NH 2 CH 2 CN (ver. 1), and 
CCN (ver. 1). See references to the laboratory data therein. b Source 
diameter (FWHM). c Temperature. d Column density. e Linewidth 
(FWHM). ' Velocity offset with respect to the systemic velocity of 
Sgr B2(N) Vi sl = 64 km s . s The column density upper limit is ~ 3tr. 
The other parameters were fixed. 



is blended wit h the northe rn component in the single-dish beam 
(see Fig. 3 of IHollis et al.ll2003l) . The third velocity component 
is too faint to be detected in n-propyl cyanide. 

The model parameters for the compact sources listed for 
methyl cyanide in Table Q~3] are mostly based on the 13 C iso- 
topologues with a 12 C/ 13 C isotopic ratio of 20 because the tran- 
sitions of the 12 C main isotopologue are very optically thick and 
most likely dominated by large scale emissi o n (see maps of, 
e.g.. Ide Vicente et al.l[l997t iJones et al.ll2008l) . Ide Vicente et al.l 
(I1997IT analysed their maps of methyl cyanide emission in the 
Large Velocity Gradient approximation. They found that the 
emission consists of several components (hot core, warm enve- 
lope, diffuse and hot envelope), and mentioned that their mod- 
eling toward Sgr B2(N) is uncertain because of the large opac- 
ities. However, their figure 5 suggests that the temperature and 
column density of methyl cyanide are strongly centrally peaked 
toward Sgr B2(N). Therefore, the emission of the optically thin 
I3 C isotopologues should be dominated by the compact hot cores 
which gives us some confidence ( within a factor of 2) in the col- 
umn densities listed in Table [13] Friedel et al.l (|2004) measured 
similar intensities for CH3 13 CN with the NRAO 12 m telescope 
and the BIMA interferometer toward Sgr B2(N), an additional 
evidence that the compact hot cores dominate the emission of 
the I3 C isotopologue s we detected wi t h the 30 m telescope. For 
a source size of 2.7", Numm eTin et al.l J2000) found column den- 
sities of 0.7 - 1.1 x 10 17 cirT 2 for the 13 C isotopologues, which 
translates into a column density of 1.4 - 2.2 x 10 18 cm -2 for the 
main isotopologue assuming a 12 C/ 13 C isotopic ratio of 20. This 
is in very good agreement with our result (see Table [T3l. 

Assuming a temperature of 200 K and optically thin emis- 
sion, iLiuet al.l (2001) obtained a beam-averaged column den- 
sity of 4.63 ± 0.14 x 10 16 cirT 2 for ethyl cyanide with BIMA at 
89.6 GHz (HPBW = 14" x 4"). For a source size of 3", this 
translates into a column density of 2.9 x 10 17 crrT 2 , which is a 
factor 4 smaller than the column density we derive for the main 
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velocity component. However, our model predicts peak line 
opacities of 4-6 for these transitions, which is supported by our 
simul taneous modeling of the 13 C is otopologues of e thyl cyanide 
Csee lMiiller et alj2008l) . As a result. lLiu et al.ld2001l) most likely 
underestimated the column densities of ethyl cyanide by a fac- 
tor of a few, which reconciles the single-dish and interferomet- 
ric measurements and confirms that the source of ethyl cyanide 
emission is compact. This is also confirmed by the reasonable 
agreement between t he 30 m and Pla t eau de Bure Interferometer 
fluxes published by iBelloche et ail (l2008bl) at 81.7 GHz (see 
their Table 5). The compactness of the source of ethyl cyanide 
emission most likely explains the di s crepan cy with the col- 
umn density found bv lNummelin et all (120001) with SEST in the 
1.3 mm wavelength range (HPBW ~ 23"). These authors de- 
rived temperatures of 175^|q K and 210^q K and beam-averaged 



column densities of 1.6^-j x 10 15 cnr 2 and l-5t°i x 10 16 crrT 2 
for the ethyl cyanide a- and fe-type lines, respectively. While they 
find an order of magnitude difference between the column den- 
sities of the a- and fo-type lines, we successfully reproduce the 
ethyl cyanide emission in our 3 mm survey with a single model 
for the two types of lines, the former being optically thick while 
the latter are optically thin. Our model with a small source size 
predicts line opacities on the order of 10-30 for the a-type lines 
in the 1.3 mm range. Hence , we be lieve that the column density 
derived by iNummelin et all pOOO) for these lines at 1.3 mm is 
underestimated by a large factor because they assumed a beam 
filling factor of 1, yielding opacities for these lines that were too 
low. On the other hand, since our model predicts opacities ^ 1 
for the Z?-type lines at 1.3 mm, we would expect the column den- 
sity derived by these authors to match ours. For a source size 
of 3", their column density of the b-type lines translates into a 
column density of 9.0 x 10 17 cm~ 2 , which is about a factor 2 
smaller than the sum of the column densities of the two main 
velocity components in Table [T3l (after rescaling the second one 
to a source size of 3")- As in Sect. 13.41 we think that the discrep- 
ancy arises from the uncertain baseline level and the partial dust 
absorption in the 1.3 mm wavelength range. Our current model, 
which suffers from the same problems, also over-predicts inten- 
sities for the lines detected in our partial 1.3 mm survey. 

After rescaling to the same size of 3", the rela- 
tive column densities of the three related molecules 
CH 3 CN / C 2 H 5 CN / C 3 H 7 CN are 108/80/ 1 for the first 
velocity component and 98 / 125 / 1 for the second velocity 
component. We discuss these ratios and the implications for the 
interstellar chemistry in Sect. [5] 

In addition, we list in Table Q/3] the best-fit parameters we 
foun d for vinyl cyanide ( Miiller et al. 2008) and aminoacetoni- 
trile (Bel loche et al.l l2008al) . as well as an upper limit for the 
column density of cyanomethylidyne (CCN) for which the other 
parameters were fixed. 

5. Chemical modeling and discussion 

To better understand the observational results, we model the 
chemistry of Sgr B2( N) using a coupled g as-phase and grain- 
surface chemical code. iGarrod et al.l J2008) constructed a reac- 
tion network to account for the grain-surface formation of many 
complex molecules observed in hot cores. Surface formation was 
assumed to occur primarily by the addition of functional-group 
radicals derived from molecular ices or from other molecules 
formed in this way. Such reactions are viable when larger rad- 
icals become mobile at intermediate grain temperatures (Tj > 
20 K), achieved during the warm-up to typical hot-core temper- 
atures (> 100 K). The network also includes destruction mecha- 



nisms for all complex species, consisting of neutral-neutral reac- 
tions on the grain surfaces, ion-molecule reactions with simple 
ions in the gas phase, and cosmic ray-induced photodissocia- 
tion both in the gas phase and on the grains. To this network we 
have added appropriate formation and destruction mechanisms 
for ethyl formate, ethyl and n-propyl cyanide, a nd also the re- 
cently identified aminoacetonitrile (NH?CH?CN. IBelloche et all 
2008a, b), whose surface formation routes may be similar to the 
other cyanides. In addition, surface hydrogenation routes have 
been added to allow for the full hydrogenation of the carbon 
chains C3 and C4, which was not previously considered, as 
well as the associated hydrogenated species and their destruction 
channels. The technique s used to construct t he new reaction set 
are presented in detail bv lGarrod et alj d2008l) : the current model 
may be regarded as a consistent extension to that network. 

We employ the s ingle-point physical model used by 
IGarrod & Herbstl ([2006), in which the isothermal collapse of 
a diffuse medium, to a density Tin = 10 7 cm 3 , is followed 
by a warm-up from 10 to 200 K. Their r 2 warm-up profile 
is assumed, in which the hot-core temperature has a t 2 depen- 
dence on the time, f, elapsed in the warm-up phase. Dust and 
gas temperatures are assumed to be well coupled, hence we let 
T = Tk = Tdust- The warm-up timescale is representative of 
the time required for a parcel of gas to achieve a temperature of 
200 K, as the hot core forms; it therefore does not relate directly 
to the current infall timescale. 

This model traces the evolution of the chemistry up to a tem- 
perature of 200 K, associated with the central hot-core region. 
However, these time-dependent results may also be considered 
to represent differing spatial extents from the hot-core center, 
with the innermost regions being the most evolved and achiev- 
ing the highest temperatures. As such, the time-dependent abun- 
dance profiles presented below also indicate a snapshot of the 
chemistry through the hot core. 

Since we are interested mainly in specific features of the 
model, we choose not to fix the ice composition prior to the 
warm-up phase, but use the unadulterated composition com- 
puted in the collapse-phase. 

Ot her details of the model may be found in IGarrod et al.l 
(2008). One important difference is the removal, in keeping with 
prior chemical networks, of the activation energy barrier for the 
surface reaction OH + H 2 CO -> HCO + H 2 0. Garrod et al. em- 
ployed an activation energy merely for consistency with other 
hydrogen-abstraction reactions of OH. The available evidence, 
however, suggests there is no barrietQ. This change makes HCO 
radicals somewhat more abundant on the grains, tending to in- 
crease the final abundances of species such as methyl formate, 
which is consistent with our observational results. 



5. 1 . Surface Chemistry 

Surface chemical routes for the form ation of methyl cya nide, 
CH3CN, were already present in the IGarrod et al.l (|2008) net- 
work, including direct addition of methyl and nitrile groups, and 
repetitive surface hydrogenation of gas phase-produced C 2 N. 
Formation of ethyl cyanide, C 2 H 5 CN, was limited to repeti- 
tive surface hydrogenation of cyanoacetylene HC3N and vinyl 
cyanide, C 2 H3CN, both of which may be formed in the gas 
phase. n-Propyl cyanide and aminoacetonitrile were not present 
at all. 



9 See the chemical kinetics database of the National Institute of 
Standards and Technology (NIST), http://kinetics.nist.gov/kinetics. 
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Table [14] shows the full set of surface reactions employed 
in the current model to form methyl cyanide, ethyl cyanide, 
n-propyl cyanide, aminoacetonitrile, and ethylformate, as well 
as a selection of significant cosmic ray-induced photodissocia- 
tion processes that may occur on grain surfaces. (The same CR- 
induced processes are assumed also to occur in the gas phase, at 
the same rates). A cosmic -ray ionization rate of £b = 1.3 x 10~ 17 
s _1 is assumed. 

The new reactions allow each cyanide to be constructed by 
sequential formation of its carbon backbone by the addition of 
CH2, CH3, or yet larger hydrocarbon radicals; however, pho- 
todissociation also allows the break-down of these structures. 
The resultant radicals may further react with another functional- 
group radical, to extend the backbone, or with a hydrogen atom, 
to terminate this sequence. Similarly, aminoacetonitrile may be 
formed by the addition of NH or NH2 groups, or by direct addi- 
tion of CN to CH 2 NH 2 , or CH 2 NH (followed by hydrogenation). 
Different routes will dominate according to the relative mobili- 
ties of competing radicals, and their availabilities. Hence, the net 
direction of inter-conversion between cyanides may change with 
temperature, or as the abundances of molecular precursors vary. 

Ethyl formate may be formed on grain surfaces by the addi- 
tion of a CH 3 or HCO radical to a CH 2 OCHO or C 2 H s O radi- 
cal, respectively. These latter species are formed directly by cos- 
mic ray-induced photodissociation of methyl formate or ethanol 
on the grains; hence, methyl formate need not be the only pre- 
cursor for ethyl formate, nor the most important one. We do 
not consider other routes to the formation of CH2OCHO and 
C2H5O; radical addition to formaldehyde, H2CO, would almost 
certainly be mediated by a substantial activation energy barrier. 
Alternatively, addition of an oxygen atom to C2HS is unlikely 
to be important, due to the relative scarcity of atomic oxygen, 
which is mainly bound in the ice mantles as H2O; however, this 
route cannot be entirely ruled out. 

When the grain surface-produced molecules evaporate, they 
are subject to gas-phase destruction mechanisms. Whilst cosmic 
ray-induced photodissociation in the gas phase is also included 
for consistency, the gas-phase destruction of these molecules is 
dominated by reaction with the ions C + , He + , H3 + , H30 + and 
HCO + (followed by dissociative recombination, if a protonated 
molecule results). Ion-molecule and dissociative recombination 
reaction rates are o f a similar order for all new species; see 
iGarrod et al.ld2008l) . 

5.2. Results 

We analyse the model results for ethyl formate and the cyanides 
in the context of a selection of complex molecules to which 
they are chemically or observationally related. We consider first 
the results of the basic model described above (called here- 
after Basic model), using an intermediat e warm-up timescale of 
2 x 10 5 yr. This timescale was found bv lGarrod et alj d2008l) to 
be most appropriate to match the abundances of Sgr B2(N). 

5.2.1. Ethyl formate and related species 

Table [T5l presents peak fractional abundances, and the temper- 
atures at which they are achieved, derived from the chemical 
model. Model abundances are converted to values per mean par- 
ticle with a mean molecular weight, /i, of 2.33, for comparison to 
the observations. Also listed are the observed rotational temper- 
atures and abundances (Cols. 7 and 8, respectively). The latter 
were derived from the column densities given in Tables l4l 151 fT2l 



Table 14. Surface reactions and cosmic -ray induced surface pho- 
todissociation processes related to the formation of cyanides, 
and ethyl formate. 



Reaction 


Garrod et al. 


Basic 


Select 




(2008) 


model 


model 



CH 3 + CH2OCHO C2H5OCHO 
H + CH 2 OCHO CH3OCHO 
HCO + C2H5O C2H5OCHO 
H + C 2 H 5 -> C2H5OH 

CH3OCHO + hv -» CH-OCHO + H 
C2H5OH + hv -» C 2 H 5 + H 

C2H5OCHO + hv -> CH2OCHO + CH; 
C2H5OCHO + hv -> C2H5O + HCO 



Notes : Reactions that were present in the hot core model of Garr od et al.1 
(2008) are indicated. Activation energies required for reaction are 
shown in brackets, where applicable. 



C 2 N + H -> HCCN 
HCCN + H -> CH 2 CN 
CH 2 CN + H -> CH 3 CN 

HC 3 N + H -> C 2 H 2 CN (1210 K) 
C 2 H 2 CN + H -> C2H3CN 
C2H3CN + H -> C2H4CN (750 K) 
C2H4CN + H -> C2H5CN 

C 3 H S CN + H -> C3H7CN 

CH 2 + CN -> CH 2 CN 
CH 3 + CN -> CH 3 CN 
CH 2 + CH 2 CN -> C2H4CN 
CH 3 + CH 2 CN -> C2H5CN 
CH 2 + C2H4CN -> C 3 H 6 CN 
CH 3 + C2H4CN -> C3H7CN 

C 2 H 5 + CN -> C2H5CN 
C 3 H 7 + CN -> C3H7CN 

NH + CH 2 CN -> NHCH 2 CN 
NH 2 + CH 2 CN -> NH 2 CH 2 CN 
H + NHCH 2 CN -> NH 2 CH 2 CN 

CH 2 NH + CN -> NHCH 2 CN 
CH 2 NH 2 + CN -> NH 2 CH 2 CN 



CH 3 CN + hv ■ 
CH 3 CN + hv - 



CH 2 CN + H 
CH 3 + CN 



C2H5CN + hv -> C2H4CN + H 
C2H5CN + hv -> CH 3 + CH 2 CN 
C 2 H 5 CN + hv -> C 2 H 5 + CN 

C3H7CN + hv -> CH 3 + C2H4CN 
C3H7CN + hv -» C 2 H 5 + CH 2 CN 
C3H7CN + hv -> C3H7 + CN 



NH 2 CH 2 CN + hv - 
NH 2 CH 2 CN + hv ■ 



NH 2 + CH 2 CN 
NH 2 CH 2 + CN 
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and[T3] assuming an H2 column density of 1 .8 x 10 25 cm 2 for 
a source size of 2" (see lBelloche et al . 2008b), and an H 2 col- 
umn density profile proportional to r~° s that corresponds to an 
H2 density profile proportional to r~' 5 in spherical svmmetrvFl 
Given that the dust properties are uncertain by a factor ~ 2 at 
least and that the contribution of the vibrationally or torsionally 
excited states of so me molecules studied here (e.g. ethanol, see 
Pears on et al.ll2Q08h to their partition function was not included, 
we estimate these observed abundances to be accurate within a 
factor ~ 3. 

Ethyl formate is clearly formed most significantly at late 
times (see Fig. and its grain-surface abundance (dotted red 
lines) scales well with that of methyl formate. Grain-surface 
methyl formate is, in fact, the primary source of precursor rad- 
icals (via photodissociation) for the formation of ethyl formate. 
When methyl formate evaporates, and ethanol is left as the dom- 
inant source of precursor radicals, ethyl formate production be- 
comes dependent on the addition of HCO to C2H5O. The post- 
evaporation gas-phase abundance of ethyl formate relative to 
methyl formate and formic acid appears to match observational 
abundances and rotational temperatures reasonably well. 

The gas-phase methyl formate peak abundance is also rel- 
atively close to the observed abundance (within a factor 5), 
and the model temperature at this peak is in very good agree- 
ment with the observed rotational temperature (see Table [5]). 
However, the abundance quickly falls, and the ratio of gas phase 
CH3OCHO to HCOOH, C2H5OH and CH3OCH3 at the higher 
temperatures most appropriate to the densest regions of the hot 
core is low compared to the observed values. 

The Basic model uses the same binding energies for methyl 
forma te and dimethyl ether as were employed by iGarrod et alj 
(2008), appropriate to binding on amorphous water ice. These 
values cause relatively early evaporation of those species, re- 
sulting in significant destruction in the gas-phase, and low frac- 
tional abundances in comparison to observed values in the case 
of methyl formate. The binding energies of those molecules were 
obtained by simple interpolation of measured values obtained for 
other species. Laboratory data for methyl formate and dimethyl 
ether evaporation from appropriate ice surfaces are not currently 
available. 

For species comprising at least one -OH functional group, 
binding-energy estimates take account of hydrogen-bonding 
interactions with the ice surface. Such species may act as 
both hydrogen-bond donors and acceptors, raising their bind- 
ing strengths. However, both methyl formate and dimethyl ether 
have at least one unbonded electron pair attached to a strongly 
electro-negative atom (oxygen), allowing them to be hydrogen- 
bond acceptors. This may give them a somewhat stronger bond 
to the predominantly water-ice surface than has been assumed. 

Here, the binding energy of methyl formate is raised beyond 
that of the Basic model, such that it falls approximately half 
way between its old value and that of ethanol, its most closely- 
matched counterpart with a single, fully hydrogen-bonding func- 
tional group. This augmentation constitutes an increase of ap- 
proximately 1000 K, giving Ed = 5200 K. The binding energy 
of dimethyl ether is similarly raised by 1000 K. 

Augmentation of methyl formate binding energy allows it to 
remain on grains for longer, reducing the time available for gas- 
phase destruction, before the majority of other species evaporate, 

10 lOsorio et alJ t 1999) expect a density profile proportional to r' p with 
p = 1.5 for the central region of a h ot core. On larger scales in Sgr B2 
(20- 200" ).lLis & Goldsmitrj Jl989h derived a density profile p ~ 2-2.5 
while lde Vicente et alj d!997h found p ~ 0.9. 



damping the effect of ion-molecule destruction pathways (see 
Fig-|5p). This allows gas-phase methyl formate fractional abun- 
dances to remain high for longer, although the resulting peak- 
abundance temperature is somewhat greater, at 1 12 K. 

Dimethyl ether does have a viable gas-phase formation 
mechanism, and is largely produced in the gas phase, due to the 
large abundance of methanol (~10~ 5 «h); hence, the peak abun- 
dance is not strongly affected by the augmentation of its bind- 
ing energy. Its gas-phase abundance in the model is consistent 
with the observed value (within a factor 2, see Table ITSb . The 
peak-abundance temperature of the model is somewhat higher 
than that derived observationally. A slightly lower grain-surface 
methanol abundance would remedy this, as post-evaporation 
gas-phase methanol abundances should diminish more rapidly, 
reducing the rate of dimethyl ether formation. A slower warm- 
up subsequent to methanol evaporation would also produce a 
similar effect. Nevertheless, the observed rotational temperature 
of dimethyl ether seems consistent with gas-phase formation. 

Surface formation rates of ethyl formate, methyl formate and 
ethanol are not strictly dependent on methanol abundance in the 
ices, but rather on the rate of formation of its photodissociation 
products, CH3O, CH2OH, and CH3. These rates are not well 
constrained; however, they seem appropriate for this model. A 
lower grain-surface methanol abundance, as suggested above, 
would therefore necessitate slightly greater methanol photodis- 
sociation rates, in order to achieve appropriate abundances for 
methyl formate and other surface-formed species. Gas-phase and 
grain-surface ethyl formate abundances are largely unaffected 
by the changes in methyl formate binding energy. Both the gas- 
phase and grain-surface abundances of formic acid are stro ngly 
dependent on gas-phase processes (see IGarrod et alj[2008l) . As 
a result, there appears to be no simple correlation with ethyl or 
methyl formate abundances. However, the low rotational tem- 
perature reported in Sect. |3.4| is qualitatively consistent with the 
low-temp erature gas-phase for mic acid peak at 40 - 60 K, a point 
noted by IGarrod et alj d2008l) in comparison to other hot-core 
observations. This "cold" peak presents a fractional abundance 
very close to the observed value (within a factor 4, see Table[T5l>. 
In Sect |3.41 we modeled the spectrum of formic acid using a sin- 
gle temperature component; however, a two-component model 
with rotational temperatures (and inferred spatial extents) ap- 
propriate to the chemical models is not noticeably worse than 
the single-component fit. As discussed in Sect. 13. 41 the existence 
of both hot, compact and cold, extended components would be 
consistent wit h the lower flu x measured with the BIMA inter- 
ferometer bv lLiu et"aT] d2001l) compared to our lower-resolution 
single-dish measurement. 

5.2.2. Cyanides 

The Basic model is capable of producing cyanide species in ap- 
propriate absolute quantities (see Fig.|6^), however, their relative 
abundances are not well matched to the observationally deter- 
mined values. In order to understand the behavior of the cyanide 
network, the different grain-surface formation mechanisms, and 
combinations, were isolated by artificially de-activating partic- 
ular reaction routes. In fact, all combinations that include ei- 
ther the hydrogenation of the cyanopolyyne HC3N and of vinyl 
cyanide, C2H3CN, or the addition of large, pre-formed hydro- 
carbons directly to the CN radical, produce wildly inaccurate 
ratios. In some such cases, n-propyl cyanide is the most abun- 
dant of all, often with methyl cyanide abundances deeply de- 
pressed. The only combination in which the correct proportion 
is reproduced is that in which only the sequential addition of 
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Fig. 5. a) Basic model, showing methyl formate, ethyl formate, formic acid, and related species, b) The same species, following 
augmentation of methyl formate and dimethyl ether binding energies. Solid lines indicate gas-phase species; dotted lines of the 
same color indicate the same species on the grain surfaces. 
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Fig. 6. a) Basic model, showing cyanides, b) The same species, using the Select model, in which selected grain-surface reactions 
are de-activated (see Table [T4b. Solid lines indicate gas-phase species; dotted lines of the same color indicate the same species on 
the grain surfaces. 



grain-surface CH2 and CH3 functional groups is allowed (see 
Fig. |6j?). We label this model, combined with the augmented 
binding energies of methyl formate and dimethyl ether, as the 
Select model. In this scheme, formation of the larger cyanides 
begins with cosmic ray-induced photodissociation of a smaller 
grain-surface alkyl cyanide molecule (resulting in the ejection of 
a hydrogen atom), or with the accretion of CH2CN (which may 
be formed in the gas-phase following the evaporation of HCN). 
A methyl-group radical is then added to produce a larger alkyl 
cyanide molecule. 

Methyl cyanide itself is mainly formed on the grains by ad- 
dition of CH3 and CN radicals, but it may also be formed by 
gas-phase processes fuelled by the evaporation of HCN. Methyl 
cyanide evaporates from the dust grains around 90 K, produc- 
ing its greatest gas-phase abundance; however, the subsequent 
evaporation of all molecular material from the grains promotes 
rapid gas-phase formation, maintaining methyl cyanide abun- 



dances for longer, and providing qualitative agreement with the 
large rotational temperature derived from the observational data. 

The abundance obtained for aminoacetonitrile is in reason- 
able agreement with that obtained observationally (within a fac- 
tor 8), suggesting that the addition of NH or NH 2 to CH 2 CN 
on grain surfaces, similar to the suggested mechanism for ethyl 
cyanide, is a plausible route to its formation. There may there- 
fore be some degree of correlation between these two species, 
which should be investigated in future. The removal of the other 
formation routes for aminoacetonitrile, comprising the addition 
of grain-surface CN to either CH 2 NH or CH2NH2, makes little 
difference to the results, mainly due to limited availability of the 
latter two radicals. 

Vinyl cyanide, C2H3CN, a potential precursor of ethyl 
cyanide and n-propyl cyanide, is formed predominantly in the 
gas-phase in both the Basic and Select models. This occurs 
through the reaction of CN with ethylene (C2H4), which has 
been shown experimentally to be rapid over a range of temper- 
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Table 15. Peak gas-phase abundances from each model, with corresponding model temperatures, as well as source sizes, rotation 
temperatures, and gas-phase abundances derived from the observations of the main source in Sgr B2(N). 



Species 


Basic model 


Select model 




Observations 


Abundance ratio 




n[i]/n Hl 


T" 


»M/»H 2 


T" 


Size 


Trot 




Select model 






(K) 




(K) 


(") 


(K) 




over observation 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


HCOOH (hot) 


5.4e-08 


120 


5.4e-08 


120 


5.0 


70 


1.3e-09 


42 


HCOOH (cold) 


4.9e-09 


42 


4.9e-09 


42 


5.0 


70 


1.3e-09 


3.8 


CH3OCHO 


1.7e-07 


81 


1.6e-07 


112 


4.0 


80 


3.5e-08 


4.6 




2.3e-09 


110 


2.3e-09 


110 


JJ.W 


100 


3.6e-09 


u.o 


C2H5OH 


1.0e-07 


120 


1.0e-07 


120 


3.0 


100 


5.7e-08 


1.8 


CH3OCH3 


2.3e-07 


200 


2.8e-07 


200 


2.5 


130 


1.4e-07 


2.0 


CH3CN 


6.3e-09 


92 


6.8e-09 


92 


2.7 


200 


1.3e-07 


0.05 


C2H5CN 


4.4e-08 


117 


3.3e-09 


117 


3.0 


170 


8.1e-08 


0.04 


C3H7CN 


3.5e-08 


120 


4.0e-ll 


123 


3.0 


150 


1.0e-09 


0.04 


NH2CH2CN 


1.4e-08 


117 


1.2e-08 


117 


2.0 


100 


1.5e-09 


8.0 


C2H3CN 


1.2e-08 


200 


5.1e-08 


92 


2.3 


170 


4.7e-08 


1.1 



Notes: " The model temperatures are the temperatures at which the peak gas-phase abundances are achieved. 



atures (ICarty et alJ lTOQl). The resultant gas-phase vinyl cyanide 
then accretes onto the grains until greater temperatures are 
achieved. Following evaporation of the ice mantles at T > 
100 K, vinyl cyanide is again formed rapidly in the gas-phase 
by the same mechanism, allowing it, like methyl cyanide, to re- 
tain large fractional abundances longer than the other cyanides. 
This effect is also in quantitative agreement with its relatively 
high rotational temperature. Both models show good agreement 
with the observational abundance of this molecule, but the Select 
model produces an excellent match (see Table |T3T>. 

For the Basic model, ratios of peak abundance val- 
ues are HCOOH / CH3OCHO / C 2 H 5 OCHO = 23/72/ 1 and 
CH3CN / C2H5CN / C3H7CN = 0.18/1.3/1. For the Select 
model, these ratios are HCOOH / CH3OCHO / C2H5OCHO 
= 23/70/ 1 and CH 3 CN / C 2 H 5 CN / C 3 H 7 CN = 171/82/1. 
These seem a fair match to the observed values of Sects. [3~4l and 
H3K0.8 / 15 / 1 and 108 / 80/ 1, respectively). Consideration of 
only the low temperature formic acid peak in the models further 
improves its ratio with ethyl formate abundances. 

The warm-up timescale of t max = 2 x 10 5 yr appears to 
yield the most appropriate reproduction of observed cyanide ra- 
tios, although longer timescales are also plausible; the Select 
model, with t max = 10 6 yr, produces peak abundance ra- 
tios of HCOOH / CH3OCHO / C2H5OCHO = 4.2/3.3/1 and 
CH 3 CN / C2H5CN / C 3 H 7 CN = 258 / 106 / 1. 



5.3. Discussion 

Based on the abundance ratios of the model, the dominant for- 
mation mechanism for alkyl cyanides is probably the sequential 
addition of CH 2 or CH 3 radicals to CN, CH 2 CN and C 2 H 4 CN on 
the grain surfaces. Both the alternative routes - the grain-surface 
hydrogenation of gas phase-formed HC3N and C2H3CN, or the 
direct grain-surface addition of pre-formed large hydrocarbon 
radicals like C2H5 or C3H7 to a CN radical - appear to be very 
much too fast, resulting in excessive quantities of the two largest 
alkyl cyanides. 



To achieve the appropriate ratios, those two formation routes 
must be artificially disabled within the model. Why should these 
mechanisms be less efficient in reality than they would appear 
from the model? Firstly, gas-phase HC3N and C2H3CN may 
be less abundant than the model suggests. The evaporation, and 
subsequent reaction, of HCN from the grains is a primary cause 
of gas-phase formation for each of these molecules. Variation 
in the evaporation characteristics or the composition/structure of 
the ices may weaken such mechanisms. However, the agreement 
between observed and modeled abundances of vinyl cyanide is 
very good. Indeed, the Select model shows excellent agreement, 
providing further justification for the omission of its hydrogena- 
tion reactions. 

Alternatively, surface hydrogenation of HC3N and C2H3CN, 
once they have accreted onto the grains, may be less efficient 
than has been assumed here. Importantly, activation energies are 
required for hydrogenation of both these species, whose val- 
ues are poorly constrained. The fact that it is these very reac- 
tions that must be disabled suggests strongly that their activation 
energies should be significantly higher than has been assumed 
here. Additionally, our use of a "deterministic" gas-grain model 
may also produce somewhat more efficient hydrogenation than 
is really th e case (a l thoug h a test-run using the rate-modification 
method of iGarrodl d2008l) shows no great difference in this re- 
spect). 

In the case of the addition of large hydrocarbon radicals to 
CN, the over-dominance of these channels is probably due to the 
incompleteness of the hydrocarbon chemistry as a whole, partic- 
ularly on the grains. Whilst up to 10 carbon atoms in a chain are 
considered in this model, the hydrogenation states of the larger 
chains are typically limited to 4 hydrogen atoms. Crucially, hy- 
drogenation is the only type of reaction included in the network 
for most hydrocarbons, aside from the newly-added CN addi- 
tion reactions. The hydrocarbon reaction set was largely devised 
with cold dark clouds in mind, where hydrogenation dominates. 
By including only a single new reaction (addition to CN) for 
any particular hydrocarbon, that reaction can easily become the 
dominant channel. The completion of the hydrocarbon network 
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to include reactions with all major reactants would be beneficial, 
although this is not a trivial task. 

The small hydrocarbons CH2 and CH3, on the other hand, 
as well as CN itself, have a much more comprehensive reaction 
network, making sequential addition and its apparent degree of 
efficiency more credible. 

Ethyl formate and aminoacetonitrile also seem to be well 
reproduced with a similar addition scheme to that of the alkyl 
cyanides. Ethyl formate abundance may be dependent on ethanol 
as well as methyl formate, depending on the specific conditions. 

The Select model reproduces well the abundance ratios for 
alkyl cyanides, but their absolute abundances are an order of 
magnitude lower than observational values. This also results in a 
poor match to abundance ratios relative to methyl formate and 
other methanol-related species. In fact, the chemistries of the 
cyanides and the methanol-related species do not strongly in- 
fluence one another in the model. The overall abundances of 
each category of molecule are mainly influenced by different, 
independent parameters: the formation rate of the products of 
methanol photodissociation (i.e. the product of the photodisso- 
ciation rate and absolute grain-surface abundance of methanol), 
and the quantity of HCN or related nitrile-group species in the 
ice mantles, respectively. Similarly, the modeled abundance of 
aminoacetonitrile relative to the alkyl cyanides is very high. The 
formation rate of this molecule is strongly dependent on the 
product of the abundance of NH3 in the ices, and its rate of pho- 
todissociation. This indicates that one or both of these values 
may be too large, by at least an order of magnitude. A parameter 
search should yield the optimal values for all such quantities, but 
such is not the focus of this paper. 

The augmentation of methyl formate binding energy allows 
its abundance to remain high at temperatures appropriate to the 
densest parts of the hot core. However, the low observed ro- 
tational temperatures suggest that methyl formate should still 
have a binding energy less than that of H2O, which is indeed 
the case here, even with the highest value we use. A value some- 
what lower than our maximum would also achieve quite accept- 
able results. Clearly, an experimental value for binding to astro- 
physically appropriate surfaces would be highly valuable for the 
chemical modeling of hot cores. 

While certain crucial steps in the formation of these complex 
molecules occur only in the gas-phase or on the grain surfaces, 
processes in each phase are inter-dependent and cannot be un- 
derstood in isolation. 



6. Conclusions 

We used the complete 3 mm and partial 2 and 1.3 mm line sur- 
veys obtained with the IRAM 30 m telescope toward the hot 
cores Sgr B2(N) and (M) to search for emission from the or- 
ganic molecules ethyl formate and n-propyl cyanide. We report 
the detection of both molecules toward the hot core Sgr B2(N), 
which are the first detections of these molecules in the interstel- 
lar medium. Our main results and conclusions are the following: 

1 . New entries for the CDMS catalog have been created for n- 
propyl cyanide and ethyl formate. 

2. 46 of the 711 significant transitions of the anf/-conformer of 
ethyl formate covered by our 30 m line survey are relatively 
free of contamination from other molecules and are detected 
in the form of 24 observed features toward Sgr B2(N). The 
emission of the gawcne-conformer is too weak to be clearly 
detected in our survey. 



3. 50 of the 636 significant transitions of the ant /-conformer of 
n-propyl cyanide covered by our 30 m line survey are rela- 
tively free of contamination from other molecules and are de- 
tected in the form of 12 observed features toward Sgr B2(N) 
with two velocity components. The emission of the gauche- 
conformer is too weak to be clearly detected in our survey. 

4. With a source size of 3", we derive an ethyl formate col- 
umn density of 5.4 x 10 16 cirT 2 for a temperature of 100 K 
and a linewidth of 7 km s in the LTE approximation. The 
abundance of ethyl formate relative to H2 is estimated to be 
3.6 x 10~ 9 . 

5. The two velocity components detected in n-propyl cyanide 
have LTE column densities of 1.5 x 10 16 and 6.6 x 10 15 cm -2 , 
respectively, with a temperature of 150 K, a linewidth of 
7 km s _1 , and a source size of 3". The fractional abundance 
of n-propyl cyanide in the main source is estimated to be 
1.0 xl0~ 9 . 

6. We detected neither ethyl formate nor n-propyl cyanide to- 
ward the more evolved source Sgr B2(M) and derived col- 
umn density upper limits of 2 x 10 16 and 6 x 10 15 cm -2 , 
respectively, for a source size of 3". 

7. We modeled the emission of chemically related 
species also detected in our survey of Sgr B2(N) 
and derived column density ratios of 0.8 / 15 / 1 for 
f-HCOOH / CH3OCHO / C2H5OCHO and 108 / 80 / 1 
for CH 3 CN / C2H5CN / C3H7CN in the main hot core of 
Sgr B2(N). 

8. The chemical models suggest that the sequential, piece- 
wise construction of ethyl and n-propyl cyanide from their 
constituent functional groups on the grain surfaces is their 
most likely formation route. Aminoacetonitrile formation 
proceeds similarly, suggesting a possible correlation with 
ethyl cyanide abundance. Vinyl cyanide is formed predomi- 
nantly in the gas-phase. 

9. Comparison of the observational and model results suggests 
that the production of alkyl cyanides by the hydrogenation of 
less saturated species is much less efficient than functional- 
group addition. 

10. Ethyl formate can be formed on the grains by addition 
of HCO or CH3 to functional-group radicals derived from 
methyl formate and ethanol; however, methyl formate ap- 
pears to be the dominant precursor. 

11. Understanding of the complex interactions between gas- 
phase and grain-surface processes may be necessary to fully 
explain the observational features displayed by many com- 
plex molecules, including formic acid and methyl formate. 

12. The detection in Sgr B2(N) of the next stage of complexity in 
two classes of complex molecule, esters and alkyl cyanides, 
suggests that greater complexity also may be present in other 
classes of molecule in the interstellar medium. 

Our results have demonstrated the power of the "com- 
plete spectrum fitting" approach used by us as a technique 
that is mandatory today for the identification of new com- 
plex molecules by their generally weak signals. Ideally, one 
would want to verify identifications with interfe rometric obser- 
vation s as done for the case of aminoacetonitrile (Bel loche et al.l 
2008aH). However, given the limited collecting area, band- 
width and spatial resolution of today's interferometer arrays, 
this would be very time consuming or even prohibitive. It will, 
however, be a trivial exercise for the Atacama Large Millimeter 
Array (ALMA) once it is fully operational. 
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Appendix A: a-Type and b-type lines of methyl 
formate 

Both A and E symmetry species of methyl formate (CH3OCHO) 
are easily detected in our spectral survey of Sgr B2(N) at 3 mm. 
Sixty four lines of the A species are detected in the form of 57 
features in our 3 mm survey and 48 lines of the E species in 
the form of 43 features. We followed the same procedure as de- 
scribed in Sect. l3.2l for ethyl formate to compute the population 
diagrams shown in Fig. IA.ll In these diagrams, the a-type lines 
of methyl formate (with AK a = [2] and AK C - 1 [2]) are marked 
with an additional circle. As mentioned in Sect. 13.41 both a- and 
fo-type lines are well fitted with the same physical model (see 
Table |5)- Although many a-type transitions with E u /ks < 50 K 
look systematically too low in the population diagrams after re- 
moval of the contribution of contaminating lines (Fig. IA.lb and 
d), this can be explained by the limitations of our radiative trans- 
fer modeling: these a-type transitions (of the A or £ species) 
have optical depths on the order of unity, as indicated by the 
significant shift between the red and green crosses in the lower 
energy range, and overlap with a-type lines of the other sym- 
metry species (E or A, respectively) that have significant opti- 
cal depths too. Since our current complete model treats the two 
symmetry species as independent and our radiative transfer pro- 
gram computes the contributions of overlapping transitions of 
different species independently, the sum of the overlapping A 
and E transitions with significant optical depths is systematically 
overestimated. For a transition of, e.g., the A species, the "con- 
tamination" by the E species is overestimated and its removal 
in Fig. lA.lb yields an underestimated residual flux. Our model 
could be improved by treating both symmetry species as a sin- 
gle molecule but this would not significantly change the physical 
parameters found for methyl formate and is beyond the scope of 
this article focused on ethyl formate and n-propyl cyanide. 
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Fig. A.l. Population diagrams of the A and E symmetry species of methyl formate presented in the same way as for ethyl formate 
in Fig. |2] (see the caption of that figure for details). The a-type lines are marked with a circle. Panel a and c show the population 
diagrams derived from the measured integrated intensities for the A and E species, respectively, while panels b and d present the 
respective population diagrams after removing the expected contribution from contaminating molecules. Features 4 and 42 with 
Eu/kg > 120 K (see panel c) are missing in panel d because the removal of the contaminating lines yields negative residuals. This 
is due to the uncertain level of the baseline that looks overestimated for both features in the observed spectrum. 
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Table 1. Transitions of the anfi-conformer of ethyl formate observed with the IRAM 30 m telescope toward Sgr B2(N). The hori- 
zontal lines mark discontinuities in the observed frequency coverage. Only the transitions associated with a modeled line stronger 
than 20 mK are listed. 



N a 


Transition* 


Frequency 


Unc. c 






cr e 


Comments 










(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2 




(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


1 


152,14 


- 


142,13 


81779.567 


4 


30 


50.5 


13 


Detected, blend with U-line 


2 


15l3,2 


- 


14l3,l* 


82297.815 


4 


149 


12.8 


19 


Blend with C 2 H 5 CN, v 13 = \/v 2 i = l and absorption line of c-HC 13 CCH 


4 


15l4,l 


- 


14,4,0* 


82297.944 


4 


169 


6.6 


19 


Blend with C 2 H 5 CN, Ui 3 =l/U2i = l and absorption line of c-HC 13 CCH 


6 


15l2,3 


_ 


14,2,2* 


82298.480 


4 


131 


18.5 


19 


Blend with C 2 H 5 CN, y 13 =l/y 21 = l and absorption line of c-HC 13 CCH 


8 


15 10,5 


_ 


14,0,4* 


82303.360 


4 


100 


28.6 


19 


Blend with HC 3 N, v 6 =v 7 = l and absorption line of c-HC 13 CCH 


10 


159,6 " 




4 9 ,5* 


82308.580 


4 


86 


32.9 


19 


Strong HC 3 N, v 6 =v 7 = l 


12 


15 8j7 - 




4 8 ,6* 


82316.890 


4 


74 


36.8 


19 


Strong HC 3 N, d 6 =d 7 =1 


14 


157,8 " 




4 7 ,7* 


82330.125 


4 


63 


40.2 


19 


Blend with CH3CHO and CH 3 18 OH 


16 


156,10 


_ 


14 6 ,9* 


82351.854 


4 


54 


43.2 


19 


Detected, partial blend with C 2 H 5 CN, d 13 =1/d 2 i = 1 and U-line 


18 


19 3 ,n 


_ 


192,18 


82389.204 


9 


53 


4.8 


18 


Blend with 13 CH 3 OH 


19 


155,11 


_ 


14 5 10 


82389.698 


4 


46 


45.7 


18 


Blend with 13 CH 3 OH 


20 


155,10 


_ 


14 5 ,9 


82390.016 


4 


46 


45.7 


18 


Blend with 13 CH 3 OH 


21 


154,12 


_ 


144,ii 


82457.126 


4 


39 


47.8 


18 


Strong CH3OCH3 


22 


154.1 1 


_ 


14 4 ,io 


82471.367 


4 


39 


47.8 


18 


Blend with CH 2 (OH)CHO and U-line 


23 


153,13 


_ 


143,12 


82485.618 


4 


34 


49.4 


18 


Blend with U-lines 


24 


153,12 


_ 


14 3 ,n 


82802.132 


4 


34 


49.4 


17 


Blend with C 2 H 5 CN 


25 


1*1,14 


_ 


14l,,3 


83792.699 


4 


29 


51.1 


16 


Blend with CH 3 OH and U-lines 


26 


152,13 


_ 


142,12 


84081.357 


4 


31 


50.5 


19 


Detected, partial blend with CH3CH3CO, v,=\ 


27 


16l,16 


_ 


1 5 1 15 


84444.095 


4 


31 


54.6 


19 


Blend with 13 CH 3 OH and C 2 H 5 CN, v l3 = l/v 2l = l 


28 


16o,16 


_ 


15o,15 


85065.106 


4 


31 


54.7 


22 


Detected, partial blend with c-C 2 H 4 


29 


162,15 


_ 


152,14 


87160.417 


4 


34 


54.0 


17 


Strong CH3OCHO 


30 


16l4,2 


_ 


15l4,l 


87785.462 


4 


173 


12.9 


17 


Blend with C2H5CN, [) 13 =l/y 2 i = l, problem with baseline? 


32 


16l3,3 


_ 


1*13,2 


87785.683 


4 


153 


18.7 


17 


Blend with C 2 H 5 CN, u, 3 = l/,; 2 i = l, problem with baseline? 


34 


16l5,l 


_ 


15,5,0* 


87785.966 


4 


193 


6.6 


17 


Blend with C2H5CN, yi 3 = l/y 2 , = l, problem with baseline? 


36 


16l2,4 


_ 


15l2,3* 


87786.848 


4 


135 


24.0 


17 


Blend with C 2 H 5 CN, u,3 = l/u 2 , = l, problem with baseline? 


38 


16n,5 


_ 


15n,4* 


87789.267 


4 


119 


28.9 


17 


Blend with U-line, uncertain baseline 


40 


16l0,6 


_ 


1 ^ * 


87793.413 


4 


104 


33.4 


17 


Blend with CH 3 ' 3 CH 2 CN and U-line 


42 


I69J " 




596* 


87800.031 


4 


90 


37.5 


17 


Blend with CH 3 ' 3 CH 2 CN and HNCO, u 4 =l 


44 


16s,8 - 




5 8 ,7* 


87810.372 


4 


78 


41.2 


17 


Group detected, partial blend with CH 2 (OH)CHO and C 2 H 5 CN 


46 


167,9 - 




^7,8* 


87826.665 


4 


67 


44.4 


17 


Group detected, partial blend with HNCO, v s = l 


48 


166,11 


_ 


156,10 


87853.244 


4 


58 


47.2 


17 


Blend with NH 2 CHO, problem with baseline? 


50 


165,12 


_ 




87899.302 


4 


50 


49.5 


17 


Strong C 2 H 5 ' 3 CN, HNCO, and HN 13 CO 


51 


165 11 




155,10 


87899.879 


4 


50 


49.5 


17 


Strong C 2 H 5 13 CN, HNCO, and HN 13 CO 


52 


164,13 




154 12 


87979.119 


4 


43 


51.4 


19 


Blend with U-lines 


53 


163.14 




153,13 


87993.944 


4 


38 


52.9 


19 


Detected, partial blend with CH 3 CH 3 CO and U-line 


54 


164,12 




154 1 1 


88001.562 


4 


43 


51.4 


19 


Detected, blend with C 2 H 5 CN, v 13 =l/v 21 =l 


55 


163,13 




153,12 


88425.192 


4 


38 


52.9 


17 


Blend with CH 2 (OH)CHO 


56 


16] 15 


_ 


15 1,14 


89218.355 


4 


33 


54.6 


16 


Strong HCO + in absorption 


57 


17 U7 


_ 


16l,l6 


89651.925 


4 


35 


58.0 


18 


Blend with C 2 H 5 CN, v 13 =l/v 2l = l, CH 3 OH, v,=2, and C 2 H 5 CN, v 20 =l 


58 


162,14 




152,13 


89804.728 


4 


35 


54.0 


18 


Blend with CH 3 CH 3 CO 


59 


17o 17 




I60 16 


90190.497 


5 


35 


58.1 


17 


Blend with CH 2 (OH)CHO, C 2 H 5 CN, v l3 = l/v 2l = l, and U-line 


60 


172 16 




162,5 


92528.452 


4 


39 


57.4 


22 


Blend with CH 3 CN, v s =2 


61 


17l4,3 




16,4,2* 


93273.169 


4 


177 


18.8 


22 


Blend with U-lines 


63 


17i 5 ' 2 




I6154* 


93273.377 


5 


198 


12.9 


22 


Blend with U-lines 


65 


IV 13 4 




I613 3 * 


93273.813 


4 


157 


24.2 


22 


Blend with U-lines 


67 


17l6,l 


_ 


16i6 0* 


93274.251 


5 


220 


6.7 


22 


Blend with U-lines 


69 


17 12,5 


_ 


16,2 4* 


93275.564 


4 


139 


29.3 


22 


Blend with U-lines 


71 


1 7 1 1 ,6 


_ 


16,1,5* 


93278.797 


4 


123 


33.9 


22 


Blend with U-lines 


73 


17 10,7 


_ 


1610,6* 


93284.077 


4 


108 


38.1 


22 


Group detected, uncertain baseline 


75 


179,8 - 




69,7* 


93292.297 


4 


94 


42.0 


22 


Group detected, uncertain baseline 


77 


178,9 " 




6 8 ,8* 


93304.955 


4 


82 


45.4 


22 


Group detected, partial blend with U-line 


79 


177,11 


- 


167,10* 


93324.728 


4 


71 


48.4 


22 


Group detected, partial blend with U-lines 


81 


176,12 




166,11* 


93356.821 


4 


62 


51.0 


22 


Group detected, blend with CH 3 CH 3 CO and U-line? 


83 


175,13 




165,12 


93412.160 


4 


54 


53.3 


22 


Group detected, partial blend with U-line? 


84 


175,12 




165,11 


93413.168 


4 


54 


53.3 


22 


Group detected, partial blend with U-line? 


85 


173,15 




163,14 


93499.096 


4 


42 


56.5 


24 


Blend with C 2 H 5 OH and U-line 


86 


174,14 




164,13 


93504.972 


4 


47 


55.1 


24 


Detected, blend with CH 3 18 OH 


87 


174,13 




164,12 


93539.303 


4 


47 


55.1 


24 


Detected 


88 


173,14 




163,13 


94072.891 


4 


42 


56.5 


31 


Blend with CH 3 CH 3 CO, v,=\ and 13 CH 3 OH, v,=\ 


89 


17l,16 




16l,,5 


94608.131 


4 


37 


58.0 


26 


Blend with 13 CH 3 CH 2 CN and U-line 


90 


1 8 1,18 




17l,17 


94852.542 


5 


40 


61.5 


28 


Weak 


91 


18o,18 




17o,,7 


95313.428 


5 


39 


61.5 


28 


Weak, partial blend with C 2 H 3 CN, u n = l/u 15 =l, uncertain baseline 


92 


172,15 




162,14 


95517.316 


4 


39 


57.5 


23 


Blend with C 2 H 3 CN,u, ,=2 
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Table 1. continued. 



N" 


Transition" 


Frequency 


Unc. c 


— F"77 — 


— 7- — 2 — 


a 1 ' 


Comments 










(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2 




(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


93 


182,17 




72,16 


97883.281 


4 


43 


60.9 


20 


Blend with CH 3 OCHO, u, = l and NH 2 CHO 


94 


18 15.3 




I7l5,2* 


98760.931 


5 


202 


18.9 


18 


Group detected, blend with U-line 


96 


18 14,4 




7l4,3 


98761.079 


5 


181 


24.4 


18 


Group detected, blend with U-line 


98 


18l6,2 




7l6,l* 


98761.555 


5 


224 


13.0 


18 


Group detected, blend with U-line 


100 


18l3,5 




7l3,4* 


98762.218 


5 


162 


29.5 


18 


Group detected, blend with U-line 


102 


1 817,1 




7l7,0* 


98762.790 


5 


248 


6.7 


18 


Group detected, blend with U-line 


104 


18 12,6 




7l2,5* 


98764.650 


5 


144 


34.3 


18 


Group detected 


106 


18n,7 




7 * 

1 1 11,6 


98768.818 


5 


127 


38.7 


18 


Blend with U-line 


108 


18io,8 




7l0,7* 


98775.390 


5 


112 


42.7 


18 


Blend with C 2 H 5 CN, u 2 o=l 


110 


189,9 - 


- 17 9 ,8* 


98785.427 


5 


99 


46.3 


18 


Blend with U-line, CH3OCHO, and C 2 H 5 CN, d 13 = 1/u 21 = 1 


112 


188,10 


- 


78,9* 


98800.707 


5 


86 


49.6 


18 


Blend with CH3CH3CO 


114 


187,12 


- 


77,11* 


98824.411 


4 


76 


52.4 


18 


Blend with C 2 H 5 OH 


116 


186,13 


- 


76,12* 


98862.724 


4 


66 


54.9 


18 


Blend with strong U-line 


118 


I8544 


- 


75,13 


98928.453 


4 


58 


57.0 


18 


Group detected, blend with C 2 H 5 CN, !)i 3 =l/u2i=l 


119 


185,13 


- 


75,12 


98930.153 


4 


58 


57.0 


18 


Group detected, blend with C 2 H 5 CN, !)i3=1/d 2 i=1 


120 


183,16 


- 


73,15 


98999.806 


4 


47 


60.0 


18 


Blend with U-lines 


121 


I8445 


- 


74,14 


99034.515 


4 


52 


58.7 


19 


Blend with 13 CH 3 CH 2 CN, CH3CH3CO, v,= l, and U-lines 


122 


I8444 


- 


74,13 


99085.662 


4 


52 


58.7 


19 


Blend with a(CH 2 OH) 2 and CH3OCHO, u, = l 


123 


183,15 


- 


73,14 


99746.684 


5 


47 


60.0 


14 


Blend with NH 2 CN and C 2 H 5 CN, d 2 o=1 


124 


18l,17 


- 


7l,16 


99959.814 


4 


42 


61.4 


14 


Blend with NH 2 CN and CH3CH3CO 


125 


19l,19 


- 


81, 18 


100046.587 


5 


44 


64.9 


14 


Blend with HCC 13 CN, u 7 =l and U-line 


126 


19 ,19 


- 


80, 18 


100436.418 


5 


44 


64.9 


24 


Blend with CH3OCH3 and C 2 H 5 OH 


127 


182,16 


- 


72,15 


101213.969 


5 


44 


61.0 


21 


Blend with U-line 


128 


19 2 ,18 


- 


82,17 


103224.624 


5 


48 


64.4 


25 


Blend with c-C 2 H 4 0, CH3OCHO, and U-line 


129 


19l5,4 


- 


815,3* 


104248.635 


5 


207 


24.6 


48 


Blend with S0 2 and U-line? 


131 


19l6,3 


- 


8l6,2* 


104248.958 


5 


229 


19.0 


48 


Blend with S0 2 and U-line? 


133 


19l4,5 


- 


814,4 


104249.203 


5 


186 


29.8 


48 


Blend with S0 2 and U-line? 


135 


19n,2 


- 


817,1 


104249.983 


5 


253 


13.0 


48 


Blend with S0 2 and U-line? 


137 


19,3,6 


- 


813,5* 


104250.916 


5 


167 


34.7 


48 


Blend with S0 2 and U-line? 


139 


19l8,l 


- 


8l8,0* 


104251.566 


5 


278 


6.7 


48 


Blend with S0 2 and U-line? 


141 


19l2,7 


- 


812,6* 


104254.128 


5 


149 


39.2 


48 


Blend with CH3OCHO 


143 


19ll,8 


— 


811,7* 


104259.358 


5 


132 


43.3 


48 


tt 7 11 1 ■ 11 n 

Weak, baseline problem? 


145 


19,0,9 


— 


810,8* 


104267.390 


5 


117 


47.1 


48 


Weak 


1 A H 

147 


19 9 ,io 




89,9* 


1 t\A T7H AH A 

1042/9.4/4 


c 
3 


103 


50.6 


A 

48 


Blend with L2H5LJN, i) 13 = l/y 2 i = l and C2H5OH 


149 


198,11 


— 


88,10* 


104297.698 


5 


91 


53.6 


48 


O , n/llT g~ »TT /"ll T rvnTT/A 1 /NT T ATT 

Strong "CH3OH, CH3OCHO, and CH 3 OH 


151 


19 7 ,13 


— 


87,12* 


104325.811 


5 


80 


56.3 


48 


Blend with C 2 H 3 CN, v n =3, CH 3 18 OH, and U-lines 


153 


19 6 ,14 




86,13* 


104371.094 


5 


71 


58.7 


48 


Blend with U-lines 


155 


19 5 ,15 




85,14 


104448.349 


5 


63 


60.7 


48 


Blend withC 2 H 5 CN, v [3 = l/v 2 i = l and 13 CH 3 CH 2 CN 


156 


19 5 ,14 




85,13 


104451.132 


5 


63 


60.7 


48 


Blend with 13 CH 3 CH 2 CN, C2H3CN, and I3 CH 3 OH 


157 


19 3 ,17 




83,16 


104494.782 


5 


52 


63.5 


25 


Blend with C 2 H 3 CN and C 2 H 3 CN, y, 5 =2 


158 


19 4 ,16 




84,15 


104567.468 


5 


57 


62.3 


25 


Blend with C2H3CN, ui 5 = l 


159 


19 4 ,15 




84,14 


104641.877 


5 


57 


62.3 


25 


Blend with C 2 H 3 CN, u 15 = l, C 2 H 3 CN, y u = l/y 15 =l, and U-line 


160 


20!,20 




L9i,i9 


105234.713 


5 


49 


68.4 


28 


■ x A A Til 1 ",1 S "1 I T /\I T 1 f'^l T S \ 1 rrv 

Detected, blend with C 2 H 5 OH and CH3OCHO 


161 


19l,18 




Q 

101,17 


1 ACim A/IT 

105272.047 


5 


47 


64.8 


28 


¥ X A — — A ~ -1 11 J '-.1 TT1" 

Detected, blend with U -lines 


1 A^ 

loz 


19 3 ,16 




83,15 


1 AC A AH 1/11 

10344/. 141 


c 
3 


52 


AQ C 

63.5 


37 


Detected 


i ai 

163 


20o,2o 




l%,19 


103501.113 


5 


49 


68.4 


37 


Blend with CH3OCH3 and 


1 A/1 

104 


19 2 ,17 




82,16 


100o90. joo 


1 on 
1UU 


A O 


A/1 £ 

04.3 


O/l 

24 


olend witn L.2rl5L.rN, ^13 = 1/^21 — 1 an d U-lines 


1 A^ 
103 


20 2 ,i9 




19 2 ,18 


IUojjZ.j / 


1 no 

1UU 


j j 


A7 2 
/ .0 


zu 


Dct6cted, partial blend with C2H3CN, f[5 = l and U-lines 


1 AA 
100 


20 16i4 




19l6,3* 


iuy /30.400 


3 


11A 

Zj4 


1A H 
Z4. / 


A 1 
41 


Ctrnn^ Uf 1 M ,, _,, _ 1 onH I I f V ^ ' V ^ V —1/,, —1 

otrong rlL.3lN, V(y— Vy — 1 ana rlL.L- L-iN, V$— l/Vt — j 


1 AO 

loo 


20,5,5 




I9l5,4* 


1 nmaA a no 
109 /30.49V 


3 


zlz 


JU.U 


A 1 

41 


Mrong rlL.3J>J, ^6 v i 1 ana rlL-L- CIN, u^ = l/vj=j 


1 /U 


20,7,3 




19n,2* 


109 /3 1 .loo 


3 


Z3o 


ion 

iy.o 


A 1 

41 


strong HU3JN, y 6 =y 7 =l and HLL LJN, Vs = i/v 7 =3 


172 


20,4,6 




19l4,5* 


1 nmn cci 

109737.553 


5 


191 


35.0 


A 1 

41 


Strong HL3N, Vf,=vj = l and HLL IN, D5 = l/y 7 =3 


174 


20, 8 ,2 




I9l8,l* 


1 Anno t/ic 

109 /3o. 045 


5 


283 


13.0 


41 


Strong HC3N, V( y =vy = i andriLL LJN, vs = i/vj=5 


176 


20,3,7 




19l3,6* 


109739.922 


5 


172 


39.6 


41 


Strong HC3N, D6 =l, 7 = l and HLL LN, U5 = l/y 7 =3 


178 


20i 9 ,i 




19l9,0* 


109740.558 


6 


310 


6.7 


41 


O j_ T T/"^ "V T 1 IT T/"^/"^ 1 3 /"1\ T 11 O 

Strong HC 3 N, u 6 =t?7 = l and HCC CN, y 5 =l/y 7 =3 


180 


20,2,8 




19l2,7* 


109744.026 


100 


154 


43.9 


41 


Strong HC 3 N, u 6 =f7 = l andHCC 13 CN, ^=1/^7=3 


loZ 


20„,9 




19n,8* 




1 no 

1UU 


1 11 


Al Q 
4 / .y 


Zt1 
4 1 


otrong riL.3i>, V(y— v-] — i ana .\ i nLi \\) 


184 


20io,io - 


19l0,9* 


109760.033 


100 


122 


51.4 


41 


Strong S0 2 and CH3OCHO, v t =\ 


186 


20 9 ,„ 




99,10* 


109774.484 


100 


108 


54.7 


41 


Strong CH3OCHO, v t =\ and C 18 


188 


20 8 ,i2 




19 8 ,11* 


109796.006 


100 


96 


57.6 


41 


Blend with CH3CN, u 4 =l, C ls O? and U-line?, uncertain baseline 


190 


20 7 ,13 




19 7 ,12* 


109829.206 


100 


85 


60.2 


41 


Blend with CH 3 CN, y 4 =l and HNCO 


192 


20 6 ,i5 




I9fi,14 


109882.071 


5 


76 


62.4 


41 


Blend with C 2 H 5 CN 


193 


20 6 ,i4 




19 6 ,13 


109882.180 


5 


76 


62.4 


41 


Blend with C 2 H 5 CN 


194 


20 5 ,16 




19 5 ,15 


109971.950 


100 


68 


64.3 


41 


Blend with U-lines 
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Table 1. continued. 



N a 


Transition 6 


Frequency 


Unc. c 








Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


195 


20 5 , 15 - 


19 5 ,14 


109976.496 


100 


68 


64.3 


41 


Blend with U-lines 


196 


20 3 ,, 8 - 


19 3 ,17 


109982.754 


100 


57 


67.0 


41 


Blend with U-lines 


197 


20 4 ,, 7 - 


19 4 ,16 


1 1 A 1 no CCA 

110103.554 


100 


62 


65.8 


24 


Blend with HNCO, y 5 =l 


198 


20 4 ,i6 - 


19 4 ,15 


110209.376 


5 


62 


65.8 


24 


Blend with l3 CO and HC 3 N, v 5 = l/v 7 =3 


199 


21l,21- 


20i,2o 


110417.565 


5 


54 


71.8 


24 


Blend with HNCO, y 5 =l 


200 


20 U9 - 


19,18 


110544.656 


100 


52 


68.2 


32 


Blend with CH 3 l3 CN, u 8 = l, C 2 H 5 OH, CH3OCHO, and U-line 


201 


21o,2i - 


20o,20 


110688.469 


100 


54 


71.8 


32 


Blend with CH3CN, u 8 = l 


202 


20 3 , 17 - 


19 3 ,16 


111173.805 


100 


57 


67.1 


25 


Blend with CH3OCHO 


203 


20 2jl8 - 


19 2 ,17 


112542.864 


100 


54 


67.9 


31 


Blend with U-lines 


204 


212,20 - 


20 2 ,19 


113866.412 


100 


58 


71.3 


34 


Blend with C 2 H 5 OH and U-lines 


205 


21l6,5- 


20l 6 ,4* 


115224.084 


5 


239 


30.2 


60 


Strong CO 


207 


21 15,6 - 


20l5,5* 


115224.530 


5 


217 


35.3 


60 


Strong CO 


209 


21 17,4 - 


20n,3* 


115224.552 


5 


263 


24.8 


60 


Strong CO 


211 


21 1S,3 - 


20l8,2* 


115225.746 


5 


288 


19.1 


60 


Strong CO 


213 


21 14,7 - 


20i 4 , 6 * 


115226.140 


5 


196 


40.0 


60 


Strong CO 


215 


21 19,2 - 


20i9,i* 


115227.514 


6 


315 


13.1 


60 


Strong CO 


217 


21 13,8- 


20i3, 7 * 


115229.252 


5 


177 


44.4 


60 


Strong CO 


219 


2120,1 _ 


202o,o 


115229.733 


7 


343 


6.7 


60 


Strong CO 


221 


21 12,9 _ 


20i2, 8 * 


115234.500 


100 


159 


48.5 


60 


Strong CO 


223 


21 1 1,10 - 


-20ii, 9 * 


115242.178 


100 


142 


52.3 


60 


Strong CO 


225 


21 10,1 1 - 


- 20io,io* 


115253.747 


100 


127 


55.7 


60 


Strong CO 


227 


219,12 - 


20 9 ,n* 


115270.652 


100 


114 


58.8 


60 


Strong CO 


229 


218,13 - 


20 8 ,i2* 


115295.734 


100 


101 


61.6 


60 


Strong CO 


231 


217,14 - 


20 7 ,i3* 


115334.205 


100 


91 


64.0 


60 


Strong CO 


233 


216,16 - 


20 6 ,i5 


115395.797 


5 


81 


66.2 


60 


Group detected, partial blend with U-line 


234 


216,15 - 


20 6 ,i 4 


115395.986 


5 


81 


66.2 


60 


Group detected, partial blend with U-line 


235 


213,19 - 


20 3 ,i8* 


115462.453 


100 


62 


70.5 


60 


Weak 


237 


21 5 ,i6- 


20 5 ,i5 


115506.424 


100 


73 


68.0 


60 


Weak 




22i,22 - 


21l,21 


1 1 ^^fl^ H£.A 

1 1 jjyj. /o4 


J 


CO 

jy 


/J.Z 


ly 


Detected, blend with CH3CH3CO, v t =l, uncertain baseline 


Zjy 


214,18 - 


20 4 ,i7 


1 1 R&A 1 7S 1 


1 no 

1UU 


6*7 
/ 


60 A 

oy.4 


70 


Blend with U-line 


Z4U 


21 1,20 - 


20i,i9 


1 1 CTTQ TIC 


1 00 
1UU 


J / 


71 £ 
/1.0 


ly 


menu witn L,rl3UL,rl3 


Z41 


214,17 - 


20 4 ,i6 


1 lj loy. 1 i j 


j 


0/ 


by A 


ly 


WeaK 


242 


22o,22 - 


21o,21 


1 1 018 

1 U017.U10 


100 

1UU 


50 

jy 


75 ? 


7Q 

/ y 


Weak 


243 


z6l,26 - 


25 1,25 


1 JUZ. / ^.77^ 


100 


83 


88.9 


28 


Rlend with Hf\N iu-] and TH^OrHO 

LJ 1 CI 1 LI W1L11 ll\_-3-^^i ^4 — J- «11U V 1 1 iv'V 1 IV/ 


244 


26 ,26 - 


25o,25 


136369.733 


100 


83 


88.9 


28 


Blend with U-line 


745 

Z't J 


25 1,24 - 


24 1,23 


1 ^6400 1 64 


100 


81 


8.5 ? 




RlenH with Hr 13 mST 7i-,-1 anH r^HoTNT ;;,,-? 

JJlCllU. W 1L11 I 1 V. v^V,l> , 1/7 — 1 till LI V . 2 ' 1 ! V. 1 1 , U\ [ — Z, 


246 


27 2 ,26 - 


262,25 


1 45476 607 


100 


94 


91.9 


25 


Rlend with CtH<;CN and 1J CS 


947 
ZH I 


285,24 - 


27 5 ,23 


1 Szi^n^ 

1 J4jUj. /Dj 


50 


1 1 s 


Q"3 


1 1 9 

1 1Z 


DieilU WILIl ^ 2' 15 v^' 1 allU v 1 liUv 1 1 } 


Z4o 


285,23 - 


275,22 




50 


1 1 s 

1 lo 


Q"3 


1 1 9 
LIZ 


Diena wiin rn_v_ cin, t>7 — i 


94Q 
Z^y 


284,25 - 


27 4 , 24 




50 


111 
111 


Q4 1 
V4. 1 


1 1 9 
1 1Z 


airong 1 1 in v a ^ anQ 1 1 1 a^i i 


950 


311.30- 


30 2 ,29 


1 6T^Q7 Q7R 
1 ujj7 / .y 1 


1 00 

1UU 


1 74 


6 


JO 


RlpnH with rMT^PM nnrl PTT^PnOTT 
D1C11U W1L11 v 2 ' 15 ^ allU V.I 1 ivA/UI 1 


ZJ i 


312,30 - 


30 2 ,29 


1 A/",T3n T1 Q 


1UU 


124 


IV j. / 


00 


rslena witn Cri3L.ri2CJN ana U-lines 


252 


33l,33 - 


32o,32 


172468.973 


100 


134 


14.3 


44 


fli r ^ 1 1 /Tkt 1 /"'II APTTA 1 

Strong C2H5CN and CH3OCHO, v t =l 


253 


314,27 - 


30 4 ,26 


172707.869 


100 


135 


104.6 


44 


Blend with H"CN in absorption and C 2 H 5 CN, vn = \lvi\ = l 


254 


32726 - 


317,25 


176045.797 


4 


166 


104.5 


365 


Noisy 


255 


32 7 ,25 - 


317,24 


176046.676 


4 


166 


104.5 


365 


Noisy 


256 


32 6 ,27 - 


316,26 


176266.224 


100 


157 


105.9 


365 


Noisy 


257 


32 6 ,26 - 


316,25 


176285.887 


100 


157 


105.9 


365 


Noisy 


258 


38[,37 - 


37 2 ,36 


201872.699 


100 


185 


13.2 


138 


Strong 1J CH3CH 2 CN 


259 


532,51 - 


53l,52 


201925.976 


100 


370 


6.7 


138 


Strong CH 2 CO 


260 


36432 - 


35 4 ,3i 


201931.928 


100 


179 


122.0 


138 


Strong CH 2 CO 


261 


363,33 - 


35332 


202388.460 


100 


175 


122.6 


108 


Blend with C 2 H 3 CN, v n = l 


262 


533,51 - 


532,52 


202394.525 


28 


370 


6.7 


108 


Blend with C 2 H 3 CN, v n = \ 


263 


62 5 ,58 - 


623,59 


202561.279 


17 


524 


1.4 


108 


Strong C2H3CN, Di5 = l 


264 


382,37 - 


37 2 ,36 


202563.884 


100 


185 


129.7 


108 


Strong C2H3CN, v 15 =l 


265 


38l,37 - 


37 1,36 


202730.394 


100 


185 


129.7 


108 


Blend with CH3OCH3 and C2H3CN, ui 5 = l 


zoo 


37 2 3,i4 - 


- 3623,13* 


ZViVUlS. 1 10 


ze 




HI CI 

1 1 .y 


138 


Blend with U-line 


268 


37 2 2,15 - 


- 36 2 2,i 4 * 


203008.823 


19 


523 


82.0 


138 


Blend with U-line 


270 


3724,13 - 


- 362412* 


203009.542 


40 


589 


73.5 


138 


Blend with U-line 


272 


37 2 i,i6 - 


-3621,15* 


203009.945 


13 


492 


86.0 


138 


Blend with U-line 


274 


3725,12 - 


-36 25 ,ii* 


203010.874 


56 


624 


69.0 


138 


Blend with U-line 


276 


37 2 o,i7 - 


- 36 2 o,i6 


203012.456 


9 


463 


89.8 


138 


Blend with U-line 


278 


3726,11 - 


- 36 2 6,io* 


203012.555 


77 


661 


64.2 


138 


Blend with U-line 


280 


37 2 7,io - 


- 3627,9* 


203014.377 


104 


699 


59.3 


138 


Blend with U-line 
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Table 1. continued. 



N a 


Transition 6 


Frequency 


Unc. c 








Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


282 


3728,9 " 


- 3628,8* 


203016.140 


138 


738 


54.2 


138 


Blend with U-line 


284 


3719J8 


- 36i9,n 


20301a /do 


100 


435 


93.4 


138 


Blend with U-line 


zoo 


3729,8 " 


- 3629,7* 


omniT ten 
20301 /.ojy) 


101 
lol 


1 /y 


AO CI 

4o. y 


13o 


Blend with U-line 


288 


37is,19 


- 36l8,18* 


203023.193 


6 


408 


96.9 


138 


Dl„„ J ' , 1 /~ITT /\pil 

Blend with CH3OCH3 


290 


37n,20 


- 36n,l9* 


203032.356 


100 


383 


100.1 


138 


nl J " ..I /'II 1 1 nji n/-i\T 1 

Blend with CH3OCH3 and CH 3 CN, jjs = 1 


292 


37i6,21 


- 36l6,20* 


203045.040 


100 


360 


103.2 


138 


Blend with CH 3 "CITCN and U-line 


294 


37i5,22 


-36l5,21* 


203062.173 


100 


337 


106.1 


138 


Blend with 13 CH 3 CH 2 CN 


296 


37 14,23 


-36 14 ,22* 


203085.040 


100 


316 


108.7 


138 


Blend with CH 3 13 CH 2 CN 


298 


37 2 , 35 - 


- 3 62,34 


203093.256 


100 


181 


126.0 


138 


Blend with H 13 CCCN, v 6 =l 


299 


37i3,24 


- 36l3,23* 


203115.417 


100 


297 


111.2 


138 


Blend with C 2 H 3 CN, v u =Vv 15 = l 


301 


37i2,25 


- 36l2,24* 


203155.887 


100 


279 


113.6 


138 


Strong CH3CN, y 8 =l 


303 


37n,26 


- 36n,25* 


203210.265 


100 


263 


115.7 


138 


Blend with U-line 


305 


39 ,39 - 


- 38l,38 


203277.722 


100 


187 


17.2 


161 


Blend with C 2 H 3 CN, Vu=\ 


306 


37io,27 


- 36io,26* 


203284.465 


100 


247 


117.6 


161 


T\ 1 1 " . 1 f ' x T /1\ T 1 1 T T 1 ' 

Blend with C 2 H 3 CN, Vu = \ and U-line 


308 


39i, 39 - 


- 38 138 


203293.314 


100 


187 


133.5 


161 


Blend with CH 3 CN, v s =2 


309 


39 ,39 - 


- 38 ,38 


203297.717 


100 


187 


133.5 


161 


Blend with CH 3 CN, jj 8 =2 


310 


39i,39 - 


- 38o,38 


203313.274 


100 


187 


17.2 


161 


Blend with U-line 


Q 1 1 

31 i 


379,29 - 


- 369,28* 


20335 /.942 


A 

4 


2i4 


1 in j 

1 iy.4 


lol 


Strong L,2H5CJN, CH3UCH3, and SU2 


313 


7 6 ,2 - ( 


>5,1* 


203409.735 


13 


24 


2.7 


161 


Strong C2H5CJN, CH3UCH3, and CH2CHCJN 


315 


382,37 - 


- 37i,36 


20342 l.o J 1 


4 


lOJ 


13. Z 


lol 


Strong CH3UCH3 and CH2LHCJN 


316 


37s,3o - 


- 36s,29 


203536.955 


4 


222 


121.0 


161 


ni„„ J " , 1 #~it t p\i ^\ 1 13/^iTT /~iTT/~iM 

Blend with CH3(_IN, v$=2 and CH2CHCJN 


317 


37s,29 - 


- 36 8 ,28 


203537.200 


4 


222 


121.0 


161 


Blend with CH 3 CN, vg=2 and 13 CH 2 C11CN 


318 


377,31 - 


- 367,30 


203760.083 


100 


211 


122.4 


364 


Blend with U-line 


Q 1 o 

3iy 


37730 - 


- 367,29 


ZU3 IbJ. lb I 


1 nn 
1UU 


1 1 
zl 1 


1 A 


304 


Blena with C3H7CJN ana CH2LHCJN 


320 


374,34 - 


- 364,33 


203781.525 


4 


188 


125.4 


364 


Blend with "CH 2 CHCN and U-hne 


321 


184,14 - 


- 17 3 ,15 


203899.881 


1 1 


47 


2.8 


364 


Blend with C3H7CN and U-line 


322 


37^,32 - 


- 36 6 ,3i 


204086.275 


100 


202 


123.6 


364 


Blend with H 13 CCCN, u 7 =2 and U-line 


323 


34 3 ,32 - 


- 332,31 


204129.239 


11 


153 


7.0 


316 


Blend with 34 S0 2 


324 


376,31 - 


- 366,30 


204178.927 


100 


202 


123.6 


316 


Blend with CH3CH3CO and U-line? 


325 


37 5 , 33 - 


- 365,32 


204364.928 


4 


194 


124.6 


316 


Blend with CH3CH3CO 


326 


82 8 ,75 - 


- 819J2 


204369.553 


82 


938 


5.1 


316 


Blend with CH 3 CH 3 CO and S0 2 


327 


7 5 8 ,67 - 


- 749,66 


205281.393 


47 


792 


5.8 


100 


Blend with S0 2 


328 


37 5 ,32 - 


- 365,31 


205282.240 


100 


194 


124.6 


100 


Blend with S0 2 


329 


13 5 ,9 - 


12 4 ,8 


206264.566 


12 


32 


2.8 


280 


Strong C2H5CN and CH 3 OCHO 


330 


13 5 ,8 - 


124,9 


206270.541 


12 


32 


2.8 


280 


Strong C 2 H 5 CN and CH3OCHO 


331 


383,36 - 


- 373,35 


206596.942 


100 


191 


129.3 


106 


Strong C2H5CN, u 13 =l/u2i=l 


332 


19 4 ,16 - 


- 183,15 


206607.866 


11 


52 


2.9 


106 


Strong C2H5CN 


333 


353,33 - 


- 34 2 ,32 


207085.257 


11 


162 


7.5 


117 


Strong C 2 H 5 CN 


334 


39i,38 - 


- 382,37 


207168.207 


4 


195 


13.7 


117 


Blend with CH 3 CH 3 CO and U-line 


335 


39 2 ,38 - 


- 382,37 


207723.987 


100 


195 


133.1 


282 


Blend with U-line and C2H5CN, v n = ll Vll = l 


336 


37 4 _33 - 


- 3 64,32 


207774.900 


4 


189 


125.5 


282 


Blend with C 2 H 5 OH 


337 


37 3 ,34 - 


- 363,33 


207820.202 


100 


185 


126.0 


173 


-1 -■ -1 s- x x y x t 1 x x /\i x 

Blend with C 3 H 7 CN and C 2 H 5 OH 


338 


39i, 38 - 


- 38137 


207859.555 


4 


195 


133.1 


173 


Blend withC 2 H 5 CN, u 13 = l/f 2 i = 1 


339 


38 2 ,36 - 


- 37 2 ,35 


208144.350 


100 


191 


129.4 


173 


Blend with CH 2 CH 13 CN and C 2 H 3 CN, v n = l 


340 


39 2 ,38 - 


- 38137 


208415.332 


4 


195 


13.7 


168 


Strong C2H5CN 


341 


40 ,4o - 


- 39,,3 9 


208431.560 


5 


197 


17.7 


168 


Strong C 2 H 5 CN 


342 


40i,4o - 


- 39,39 


208443.521 


100 


197 


137.0 


168 


Strong C2H5CN 


343 


40 ,4o - 


- 39 ,39 


208447.014 


100 


197 


137.0 


168 


Strong C 2 H 5 CN 


344 


40 M0 - 


-39o,39 


208459.081 


5 


197 


17.7 


168 


Strong C2H5CN 


345 


3823,15 


- 3723,14* 


208493.011 


28 


565 


82.6 


168 


Strong C 2 H 5 CN 


347 


3824,14 


- 3724,13* 


208493.410 


41 


599 


78.3 


168 


Strong C2H5CN 


349 


3822,16 


- 37 2 2,15* 


208493.496 


19 


533 


86.6 


168 


Strong C 2 H 5 CN 


351 


38 25 ,13 


-3725,12* 


208494.438 


57 


634 


73.9 


168 


Strong C 2 H 5 CN 


353 


3821,17 


- 37 2 i,i6* 


208495.153 


13 


502 


90.5 


168 


Strong C 2 H 5 CN 


355 


3826,12 


- 3726,11* 


208495.863 


79 


671 


69.3 


168 


Strong C2H5CN 


357 


3827,11 


- 37 2 7,io* 


208497.466 


107 


709 


64.5 


168 


Strong C 2 H 5 CN 


35y 


3820,18 


- 3720,17* 


2U8498.313 


n 

y 


AH1 

4/3 


y4.z 


loo 


Strong C2H5CJN 


361 


3828,10 


- 37 2 8,9* 


208499.037 


142 


748 


59.6 


168 


Strong C 2 H 5 CN 


363 


3829,9 - 


- 3 729,8* 


208500.372 


185 


789 


54.4 


168 


Strong C2H5CN 


365 


38i9,i9 


- 37 ,9,18 * 


208503.415 


100 


445 


97.8 


168 


Strong C2H5CN, u 13 =l/o 21 = l 


367 


38l8,20 


- 37[8,19* 


208510.857 


100 


418 


101.1 


168 


Blend with C 2 H 5 OH and C 2 H 3 CN 


369 


38n,21 


- 37n,20* 


208521.187 


100 


393 


104.3 


168 


Blend with C 2 H 5 OH 


371 


38 16,22 


- 37[6,21* 


208535.402 


100 


369 


107.2 


168 


Blend withC 2 H 5 OH 


373 


38i5,23 


- 37 1532* 


208554.387 


100 


347 


110.0 


168 


Blend with C 2 H 5 CN, v l3 = l/v 2l = l and U-line 



A. Belloche et al.: Detection and chemical modeling of ethyl formate and n-propyl cyanide in Sgr B2(N), Online Material p 7 



Table 1. continued. 



N" 


Transition 6 


Frequency 


Unc. c 


FIT — 

Ei 


F — 1 


cr e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


375 


38 14,24 


- 37 14,23 


208579.484 


100 


326 


112.6 


168 


Blend with CH3CH3CO, v t =l and U-line 


377 


38b,25 


- 37i3,24* 


208612.841 


4 


307 


115.1 


168 


Strong C2H5CN, Ui3=l/U2i = l 


379 


3 8 12,26 


- 37 12,25* 


208657.029 


4 


289 


117.3 


168 


Blend with CH3OCHO and CH3CH3CO 


381 


38l 1,27 


- 37n,26* 


208716.183 


100 


272 


119.4 


160 


Blend with CH3OCHO 


383 


38 10,29 


- 37 10,28* 


208796.910 


4 


257 


121.3 


160 


Blend with CH 2 CH 13 CN and CH3OCHO 


385 


86,3 - 75,2* 


208895.157 


13 


25 


2.8 


160 


Strong CH3OCHO and C 2 H 3 CN 


387 


38g,3i - 


- 37 8- 3o 


209071.357 


4 


231 


124.6 


160 


Strong C 2 H 3 CN 


388 


38g,3o - 


- 37 8 ,29 


209071.723 


4 


231 


124.6 


160 


Strong C 2 H 3 CN 


389 


384,35 - 


- 37 4 ,3 4 


209201.665 


4 


197 


128.8 


58 


Strong H 2 CS and C 2 H 3 CN, u 15 =l 


390 


387,32 - 


- 377,31 


209313.439 


4 


221 


125.9 


58 


Strong C2H3CN, Ui5=l 


391 


387,31 - 


- 377,30 


209321.499 


4 


221 


125.9 


58 


Strong C2H3CN, «i5=l 


392 


19 4 ,15 - 


- 183,16 


209541.953 


11 


52 


2.9 


58 


Blend with C 2 H 3 CN 


393 


3 86,33 - 


- 37 6 ,32 


209660.931 


4 


212 


127.1 


45 


Blend with C 2 H 3 CN, u u = l, HC 13 CCN, u 7 =2, and 
HCC' 3 CN, v 7 =2 


394 


3 86,32 - 


- 37 6 ,3i 


209783.452 


100 


212 


127.1 


45 


Blend withC 2 H 3 CN, y 11 = l/y 15 = l 


395 


385,34 - 


- 37 5 ,33 


209918.890 


4 


204 


128.1 


45 


Strong CH3OCHO 


396 


363,34 - 


- 352,33 


210218.541 


10 


172 


8.0 


64 


Blend with C2H3CN, v n =2 


397 


40 2 ,38 - 


- 39 3 ,37 


210705.222 


6 


211 


10.0 


37 


Blend with C 2 H 3 CN, v n =2 and U-line 


398 


385,33 - 


- 37 5 ,32 


/X 1 1 n 1 a <~\ -i c 

211044.215 


100 


204 


128.1 


33 


Blend with C2H5CN 


399 


20 4 ,17 - 


- 19 3 ,16 


211264.158 


1 1 


57 


3.0 


33 


Strong CH3OCHO 


400 


14 5 ,io - 


- 134,9 


211/1 /.oM 


12 


35 


2.9 


47 


Strong C2H3CJN 


401 


14 5 ,9 - 


134,10 


011 n^i n a n 

211 /2o.V4V 


12 


35 


2.9 


47 


Ct»/,«™ TT /— <1VT 

Strong C2H3CJN 


402 


39 3 ,37 - 


- 383,36 


211830.506 


100 


201 


132.7 


47 


Blend with NH 2 CHO, d 12 =1 


403 


51 1,50 - 


^ 51 ,51 


211833.125 


40 


333 


3.3 


47 


Blend with NH 2 13 CHO, «i 2 =l 


404 


40 1>3 9 - 


- 39 2 ,38 


212435.627 


4 


205 


14.2 


36 


rt, X TT T T T S N 1 T T X" "\ y' "1 T T f "\ 

Strong NH 2 CHO and CH3OCHO 


405 


40 2 ,39 - 


- 39 2 ,38 


212881.373 


100 


205 


136.5 


99 


TX 1 1 " . 1 T T 1 ~\ X T /X 

Blend with H"CCCN, u 7 =2 


406 


40l,39 - 


- 39l,38 


-x /x /x r\ ^ 

212991.436 


100 


205 


136.5 


99 


TX 1 1 " . 1 34 f"1 /~\ 1 T T 1 * O 

Blend with SO2 and U-hne? 


407 


39 2 ,37 - 


- 382,36 


^ 1 o 1 a 1 sec 

213191.655 


100 


201 


132.8 


48 


Blend with CH2(OH)CHO 


408 




-303,35 " 


in 

- -> '3,34 


21321)3.256 


100 


195 


129.4 


48 


r)i„..,i 1 1 / 1 \i 1 i/"^ 

Blend with CH2(UH)L.H(J 


a no 


/in 

4l»2,39 - 


'JO 
- 39l,38 


21343 /.I 34 


3 


one 
ZU3 


1 A O 

14. Z 


A O 

40 


Blend witn L.2H5*Jii and Crl3L)L.hl3 


A 1 n 

41U 


"XI 


- -302,34 


1 a ^a^ 1 
213j3o. 1 j / 


n 

y 


101 
lol 


c 
0.3 


A Q 
40 


Blend witn L-2rl3L.iN, V\\=l 


A 1 1 

41 1 


A\ 

41(),41 - 


A(\ 
- 4Ul,40 


213jo4.U4d 


c 

J 


ono 
ZU/ 


1 Q O 

lo.z 


A C 

40 


ni/, n ,i „r - ti-» 1-V'i 1 r^i ir^KT 

Blend witn CH2C.riL.iN 


A 1 
41Z 




A(\ 
~ 4Ui,4o 


213jVj. joO 


1 nn 
1UU 


om 
ZU/ 


1 /in a 

14U.4 


A C 
40 


Partial blend with H 13 CCCN, U5 = l/i'7=3, uncertain baseline 


A 1 3 
41 J 


A 1 

41(),41 - 


/in 

- 4U ,40 


21 JjVO.IDo 


1 nn 
1UU 


om 
ZU/ 


1 /in a 

14U.4 


A C 
40 


Partial blend with H CCCN, U5 = l/t>7=3, uncertain baseline 


A 1 A 

414 


304,34 - 


- J '4,33 


1 a^nn i 
213uUU.uj1 


1 nn 
1UU 


1 00 

iyy 


1 00 n 

izy.u 


A O 

40 


Partial blend with H CCCN, ^5 = 1/^7=3, uncertain baseline 


A 1 C 
41 J 


A 1 


A(\ 

- 4Uo,40 


LY jOUj. j / / 




om 
zu / 


1 c 
lo.Z 


A C 
40 


Partial blend with H CCCN, t>5 = 1/^7 =3, uncertain baseline 


A 1 £ 

410 


^^23,16 


* 

- J023.15 


O 1 QOT7 n/i 1 

213V / /.U41 


00 

zy 


3 /3 


07 O 
O /.z 


A Q 
40 


Strong L.2H5 CiN ana CH3 L.rl2L.rN 


A 1 C 
410 


3V 2 4,15 


- J024.14 


213V / / .U4j 


/io 

4Z 


Ano 
ouy 


0^1 1 


A S 
40 


c rmni . /" it 13r^r\,T on/ i f 1 ! I 1 V"l 1 r^M 

Strong L.2H5 ^--lN an d L.rl3 l_rl2dN 


/ion 

4ZU 


an 

3V 2 5,14 


IS * 

- J°25,13 


213V / / . /43 


CO 

3y 


A/i/i 

044 


7C C 
/O.O 


A C 
40 


o rmniY /~" it 13p\j „ n i r^TT 1 3 pri p\| 

Strong L.2H5 *-iN ana L.ri3 L.ri2L.rN 


/lOO 

4zz 


3V22,17 


•38 * 
- J022.16 


1 o.Q"7Q nm 
213V /O.UU2 


on 
ZU 


</1 1 
34J 


OIO 

yi.z 


A O 

40 


o.„„„ „ /~1 IT 13p\T j pit 13pi T p\T 

Strong C2H5 CiN ana CH3 ^.112*-^ 


A1A 


an 

3V 2 6,13 


* 

- J°26,12 


Zl J7 / O.OOO 


1 


AS 1 
Ool 




40 


Qtrixr»fT r 1 13r\T onH fT-T 13PTT r'M 

oirong »—2ri5 ciN ana L.ri3 cri2L.iN 


/I OA 
4ZO 


3^21,18 


- J021,17 


213V5U.233 


1 ^2 
1 j 


<1 
31Z 


oc n 
y3.u 


A C 
40 


O rmnlY {' TT 13pXT or , J pi I 13PTT p XT 

otrong C2H5 *-l^ ^IlQ L-H3 L.rl2»-.1N 


4zo 


3V27,12 


* 

- J027.ll 


1 anon o^n 
213VoU.23U 


1 no 

iuy 


1 

/ iy 


£0 7 

oy. / 


A Q 
40 


o.„„„ „ p it 13p\T J pit 13pij PTxT 

Strong L.2H5 L-JN ana CH3 C.rl2CiN 


A ir\ 
4jU 


3^28,11 


* 

- JO28.10 


ZlJVol.olU 


1 A < 

143 


/3o 


A/1 C 
04.0 


A S 
40 


c rmni . p it 13pr\,T on/ i pi I 13pii PKT 
strong C2H5 3TK1 L-rl3 L.ri2L.lN 


4jz 


an 

3^29,10 


00 * 

- J529.9 


213V52. / j4 


1 on 

iyu 


iyy 


CO c 

3y.o 


A C 
40 


o rmniY p 11 13pr\,T r>r\A PI I 13pii PKT 


A "2 /I 

434 


an 

3V20,19 


o * 

- JO20.18 


1 ano/i n°n 
213Vo4.Uoy 


n 

y 


45J 


OO A 

yo.o 


A O 

40 


0.„„„ „ p TT 13pKT PIT 13pTJ PKT 

Strong L.2H5 L-JN ana CH3 L.rl2L.rN 


/I "}A 
4 JO 


39i9^20 


00 * 

J°19,19 


213V5V.VV4 


' 


/ICC 

433 


1 no n 
1UZ.U 


A S 
40 


c rmni . p 1 1 13pKT on/1 PI I 13pii PKT 

Strong L.2H5 ^--lN an d L.1I3 l_rl2dN 


/I TO 

4 JO 


3918,21 


- 38i8,20* 


213VVo.4o4 





/IOC 
4Zo 


1 nc 1 
1U3.J 


A C 
40 


Qtt-ixnrr ^ I 1 13pKT on/1 r^I 1 13pT-T /^KT 

strong L.2H5 l.-lN an d L.ri3 L.ri2L.rN 


/i /in 

44U 


39n,22 


- 38n,21* 


1 /im fi ki 
Z14U1U. 1 J 1 


3 


ACM 
4Uj 


1 nc 1 
1U0. J 


A C 
40 


Ct rnn „ p 1 1 13pKT on/1 PI I 13pii PKT 

otrong C2H5 ona L-1I3 Cri2L.iN 


/l/IO 
44Z 


39i6,24 


- 38 16,23* 


Z14UZj.oV4 


3 


j /y 


ill ^> 
1 1 1 . j 


A S 
40 


c rmni . p 1 1 13pKT on/1 PI I 13pii PKT 

strong C2H5 sua L.1I3 Cri2L.iN 


AAA 
444 


39i5,24 


- 38i5,23* 


Z14U4D. / O 1 


1 nn 
1UU 


J3 / 


1 1 a n 
1 14. u 


A Q 
40 


pi un ,| ,.,: tn 1 3 pi I PKT 

Diena witn L-1I3L.IN 


/I /I A 
440 


39l4,25 


- 38l4,24* 


Z14U /4. J ID 


1 nn 
1UU 


"22A 
JJO 


1 1 A C 
1 10.3 


7C 
/3 


Ct rnn „ PI I PiPII on/1 PI I 13pTi PKT 

otrong Crl3Ul_ri3 ana C1I3 Crl2L.lN 


AAQ 
44 o 


39i3,26 


- 38i3,25* 


Z141 1U. / 1 / 


zl 
4 


Jl / 


1100 

1 10. y 


7C 

/3 


D i an ,| „ r ;t1, 13pii PKT 

Diena witn 1_.ri3L.iN 


/i cn 
43U 


39 12,27 


- 38i2,26* 


1 /i 1 co ona 
214130.01)3 


1 nn 
1UU 


000 

zyy 


101 1 

lzl.1 


7C 


ni„„,| P 1 1 13pm 

Blend with C2H5 CJN 


/ICO 

43 Z 


39ll, 28 


- 38n,27* 


1 /i 00a 1 en 
214223. 13V 


1 nn 
100 


000 

ZOZ 


lzj.1 


7C 

/3 


Ct„„„„ PIT Mil ., . 1 13pu PKT 

Strong Crl2NH and Crl3L,iN 


454 


39 10,30 


- 38 10,29* 


? 1 4^ 1 764 

1"T J 1 U. / VJT^ 


4 


267 


125.0 


75 


Strnn-J 13 fH 3 fN 


456 


664,62 - 


- 663,63 


214317.063 


27 


591 


13.5 


75 


Strong 13 CH 3 CN 


457 


9 6 ,4 - i 


* 

'5,3 


214379.791 


13 


27 


2.8 


75 


Strong 13 CH 3 CN 


459 


39 9 ,3i - 


- 3 89,30* 


214432.762 


4 


254 


126.6 


75 


Blend with CH 3 13 CH 2 CN and C 2 H 5 OH 


461 


223,19 - 


" 212,20 


214433.988 


14 


63 


1.7 


75 


Blend with CH 3 13 CH 2 CN and C 2 H 5 OH 


462 


655,61 - 


- 654,62 


214600.532 


23 


574 


13.4 


75 


Blend with CH3CH3CO 


463 


39 4 ,36 - 


- 38 4 _35 


214605.781 


4 


207 


132.3 


75 


Blend with CH3CH3CO and ClV 3 CH 2 CN 


464 


56g,49 - 


- 56 7- 5o 


214606.526 


11 


457 


15.7 


75 


Blend with CH3CH3CO and CHV 3 CH 2 CN 
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Table 1. continued. 



TV 


Transition 6 


Frequency 


Unc. 






U 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


465 


39 8j32 - 


- 38 8- 3i 


214608.530 


4 


241 


128.1 


75 


n 1 1 ■ a 1 /"1 11 1 1 /"l 1 1 ( ^ iv 1 

Blend with CH 3 "CH 2 CN 


466 


39 8l3 i - 


- 38 8- 3o 


214609.070 


4 


241 


128.1 


75 


Blend with CH 3 13 CH 2 CN 


467 


39 7 ,33 - 


- 38 7 ,32 


214870.593 


100 


231 


129.5 


75 


Blend with 13 CH 3 CN, u 8 = l 


468 


39 7 , 32 - 


- 38731 


214881.820 


4 


231 


129.5 


75 


Blend with 13 CH 2 CHCN 


469 


39 63 4 - 


- 386,33 


215238.445 


100 


222 


130.6 


74 


Strong C2H5CN, Ui3=l/B2i = l and C2H5CN, y 20 =l 


470 


20 4 ,, 6 - 


- 19 3 ,n 


215256.547 


11 


57 


2.9 


74 


Strong C 2 H 5 CN, Ui3=l/u 2 i=l and C2H5CN, u 2 o=l 


471 


39 63 3 - 


- 386,32 


215399.020 


100 


222 


130.6 


74 


Strong C2H5CN 


472 


39 5 ,35 - 


- 38534 


215467.027 


4 


214 


131.6 


74 


Strong C 2 H 5 CN, ui 3 =l/u 2 i = l 


473 


214,18 - 


-20 3 ,n 


215732.383 


12 


62 


3.0 


74 


Strong C 2 H 5 CN, ui 3 =l/y 2 i = l 


ah a 
4/4 


39 5 ,34 - 


- 38533 




1 nn 


Z14 




jU 


strong L.rl3UL.rlU 


475 


613,58 - 


- 613,59 


216833.377 


28 


498 


1.2 


50 


Strong CH3OCHO 


476 


41 2 ,39 " 


-40 3 , 38 


216942.926 


5 


222 


10.6 


50 


fli /~1TT ATT 

Strong CH3OH 


All 


383_3 6 " 


" 37 2 ,35 


217039.712 


8 


191 


9.0 


50 


Blend with 13 CH 3 OH and 13 CN 


478 


40 3 ,38 - 


- 39 3 , 37 


217052.822 


100 


211 


136.1 


50 


Blend with 13 CH 3 OH, 13 CN, and U-line 


479 


15 5 ,n- 


- 14 4 ,io 


217159.548 


12 


39 


3.0 


50 


Blend with CH3OCH3 


480 


155,io - 


- 14 4 ,n 


217179.901 


12 


39 


3.0 


50 


Blend with CH3OCH3 and U-line 


481 


41 1,40- 


-40 2 39 


217679.824 


4 


215 


14.7 


50 


Blend with U-line 


482 


39 4 ,35 - 


- 38434 


219402.429 


4 


209 


132.5 


92 


Strong C2H3CN 


483 


40 24 ,i6 


-39 24 ,i5* 


219460.441 


43 


619 


87.8 


92 


Strong C 2 H 5 CN 


485 


40 25 ,i5 


"3925,14* 


219460.780 


60 


655 


83.6 


92 


Strong C 2 H 5 CN 


487 


40 23 ,17 


- 3923,16* 


219460.864 


30 


586 


91.8 


92 


Strong C 2 H 5 CN 


489 


40 26 ,i4 


-39 26 ,13* 


219461.621 


83 


691 


79.2 


92 


Strong C 2 H 5 CN 


491 


40 22 ,i8 


- 3922,n 


219462.336 


20 


553 


95.7 


92 


Strong C2H5CN 


493 


40 2 7,13 


- 3927,12* 


219462.721 


112 


729 


74.7 


92 


Strong C 2 H 5 CN 


495 


40 28 ,i2 


-3928.1,* 


219463.851 


149 


768 


70.0 


92 


Strong C 2 H 5 CN 


497 


40 2 U 9 


-3921,18 


219465.183 


14 


522 


99.4 


92 


Strong C2H5CN 


498 


40 2 i,2o 


-3921,19 


219465.523 


100 


522 


99.4 


92 


Strong C 2 H 5 CN 


499 


4020,20 


- 3920,19 


219469.782 


10 


493 


102.9 


92 


Strong NH 2 CN 


500 


40 2 o,2i 


- 3920,20 


219469.912 


100 


493 


102.9 


92 


Strong NH 2 CN 


501 


40l9,21 


- 39l9,20* 


219476.588 


7 


465 


106.3 


92 


Strong NH 2 CN 


503 


40l8,22 


-39l8,21 


219486.155 


6 


438 


109.4 


92 


Strong HC3N, U6=u 7 = l 


504 


40 18 ,23 


- 39i 8> 22 


219486.310 


100 


438 


109.4 


92 


Strong HC 3 N, y 6 =u 7 =l 


505 


40 17 ,23 


-39 17 ,22 


219499.182 


5 


413 


112.4 


92 


Strong C 2 H 5 CN 


506 


40 17 , 24 


- 39i 7> 23 


219499.329 


100 


413 


112.4 


92 


Strong C 2 H 5 CN 


jU / 


40 16 ,25 


- 39i6,24* 


1 O'n 1 ^ ^*71 


c 

J 


ion 


1 LJ.J 


yZ 


strong rll_3iN, v§— v-j— 1 


cnn 

juy 


40l5,25 


~39l5,24* 


219jJV.j21 


J 


30/ 


1 i 1 .y 


yz 


.Strong HJNCU ana HINL.U, U5=l 




40l4,26 


-39l4,25* 


1 Q^Q (\A°. 


J 


j40 


1 90. A 


QO 

yZ 


oirong v \j 


513 


67 4i6 3 - 


- 673,64 


2iy5/1.15 / 


30 


609 


13.4 


92 


strong C (J 


514 


40l3,27 


-39l3,26* 


219609.218 


5 


327 


122.7 


92 


Strong C2H3CN, Ui5=l and CH 2 CH CN 


516 


40 12 ,28 


-39 12 , 27 


219661.381 


100 


309 


124.8 


92 


Strong HNCO and HC 3 N, u 7 =2 


517 


40l2,29 


- 39l2,28 


<-\ 1 t\s_ r 1 AO C 

219661.485 


5 


309 


124.8 


92 


Strong HNLO and HC 3 N, 117=2 


518 


40 U ,30 


-39„,2 9 * 


1 an O 1 O r\r\ 

219731.290 


4 


293 


126.8 


92 


Strong HNCO 


520 


40 7 , 34 - 


- 39733 


220431.537 


100 


241 


133.0 


98 


Strong CH 3 "CN 


521 


40 7 ,33 - 


- 39732 


22U44o.9o4 


100 


241 


133.0 


98 


Blend with U-line, uncertain baseline 


522 


41 7 ,35 - 


-407,34 


225996.244 


100 


252 


136.5 


278 


Blend with CH3CH3CO, v t =l, uncertain baseline 


jZJ 


41 7 ,34 " 


-407.33 


o An n 10 
220U1 /. Joo 


1 nn 


ZjZ 


nr c 
1JD.J 


07Q 

Z/o 


Blend with U-line?, uncertain baseline 


524 


633_60 - 


- 63 2 ,6i 


22oj93.j9/ 


33 


530 


10.0 


278 


r)l,...,| . . * /^"rVT ■ „1, ,., ., i ; ,., /"I TT /-l\T „ „ 1 /"• TT AT T 

Blend with CJN in absorption, C2H3CJN, and C2H5UH 


jZj 


41 6 ,36 " 


-40 6 ,35 


22o4UU.Uyu 


1 nn 


O A1 


1 11 


070 

Z/o 


Blend with CN in absorption and C2H5OH 


jZO 


41 5 ,37 - 


-405,36 


22dj4U.oj1 


A 

4 


Zij 


no r 
1 JO.J 


070 

Z/O 


rslenu witn Crl2iNrl 


^07 

jZ / 


41 6 ,35 " 


-406,34 


220ODO. JDl 


A 
4 


Z4j 


1 11 A 


yO 


Strong CN absorption 


jZo 


224_i 8 - 


- 213,19 


ZZoyoO.UjO 


1 1 
1 1 


0/ 


1 n 


yO 


Strong CN absorption 




42 3 ,4o - 


-413,39 




1UU 






j 


RlpnH with fHo rOH^CHO rH,rH l3 PN anH foH^fN 


JjU 


24 4 ,2i - 


- 23330 


-797001 11\ 
ZZ / OU 1. JJ 1 


1 9 
1Z 


sn 


1 1 


OJ 


oirong v 1 1 ^ v ^ 1 1 




42,,34 - 


-419,33* 


9^ 1 01 S 633 


J 




1 37 4 


loj 


RlpnH with CH.OCHO H '^TS anH TT linp 


SH 


42 8 , 35 - 


-41 8 ,34 


01 1 Oil ^7fl 

ZjlZj / . J / U 


c 

J 


971 

Z/j 


no 

1 J5.5 


1 C3 


otrong di2^-rH-iN ana l^-HsLJM, V\$— i 


534 


42 8 , 34 - 


-41 83 3 


231239 1 


5 


273 


138.8 


183 


Stron? 13 CH^CHCN and CtH^CN /j,<-1 


535 


254,22 - 


- 24 3 ,2i 


231328.525 


13 


86 


3.3 


40 


Blend with CH 3 CHO and 13 CH 2 CHCN 


536 


42 7 , 36 - 


-41735 


231564.827 


4 


262 


140.1 


40 


Blend withC 2 H 5 OH 


537 


42 7 , 35 - 


-41734 


231593.484 


100 


263 


140.1 


40 


Blend with CH 3 13 CH 2 CN 


538 


43 3 ,4i - 


- 42 3 ,4o 


232661.017 


5 


243 


146.4 


19 


Blend with C 2 H 5 CN, yi 3 = l/u 2 i = l 


539 


42 3 ,4o - 


- 41 239 


232789.078 


6 


232 


11.2 


19 


Strong CH 3 OH, C2H5CN, and C 2 H 3 CN, v n = \ 


540 


43 26 ,i 7 


-42 26 ,i6* 


235907.995 


89 


723 


93.6 


131 


Blend with HCC 13 CN, v 6 =l 


542 


43 27 ,i6 


-42 27 ,i5* 


235908.172 


120 


761 


89.3 


131 


Blend with HCC 13 CN, v 6 =\ 
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Table 1. continued. 



N a 


Transition" 


Frequency 


Unc. c 


v d 
E\ 


Six 


<T e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




1 1 A 




(2) 


/1\ 
(3) 


(4) 


(->) 


(oj 


(1) 




C A A 

j44 


43 25 ,i8 


- 42 2 5,17* 


2359UO.220 


ac 
OJ 


con 
00 / 


07 A 
9 /.O 


1 1 1 
Ijl 


olena witn HCC L.JN, v^= 1 


£ A A 

j4o 


4324,19 


~42 24 ,i8* 


2359U9.1 30 


A 

40 


OJZ 


i n i a 
1U1.0 


ill 
Ijl 


Blena witn HCC CJN, ^6=1 


548 


4323,20 


- 4223,19* 


tic r\i 1 n^in 

23591 1. 029 


32 


/in 

61s 


105.3 


131 


Blend with Hit IIN, ^6=1 


ssn 


4322,22 


- 42 2 2,21* 


9^SQ1 & 9^8 


1UU 


JOU 


i ns o 


i j i 




*>^7 

jjZ 


4321,22 


-4221,21* 


Zjjy IV.zUo 


1 c 
1 J 


JJJ 


1 12. J 


1 1 1 
i ji 


otrong L,rl3UL.rlU 


jj4 


4320,23 


- 42 2 o,22 


ZjjyZO.jjj 


1 n 
1U 


^7^ 

JZJ 


I 1 ^ A 

I I J.O 


1 1 1 
i ji 


otrong L,rl3UL.rl(J, L,2il3L,iN, ^15— 1, ana L.ri3<Jri 


JJJ 


4320,24 


- 4220,23 


All 

ZjjyZoA 1 1 


1 nn 
1UU 


^7^ 

JZJ 


I 1 c a 

I I J.O 


1 1 1 
i ji 


strong L,rl3(JL.rl(J, L,2rl3t,iN, ^15— 1, ana L.rl3Url 


^A 

JJO 


43 19,24 


-42,9,23* 


oqcqqa inn 


o 
O 


a n 7 
4V / 


lis./ 


iii 
ijl 


otrong L,rl3UL.rl(J, L,2rl3L,JN, 1^15 = !, ana L.rl3<Jrl 


^o 


43 18 , 25 


-42 18 ,24* 


Zojy^VyAjZ 





/171 
4/1 


171 A 
121.0 


in 
i ji 


Ctrnno f I I /^M ji —1 13/^TT AU onr | IT 13r^"\T 

oirong ^2n3^lN, f[5 — 1, L.rl3LJrl, ana L.2rl5 CiN 


JOU 


43 17 ,26 


-42 17 ,25* 


23j9oo.9oU 





A A A 

440 


17/1 /I 

124.4 


iii 
1 ji 


strong L,lrl3(Jhl ana 31^ 


302 


43 1 6 ,27 


-42i6,26* 


23j9o9.o ly 


1 nn 

tuu 


/177 

4zz 


1 77 1 

12/. 1 


iii 
1 ji 


r ( ,.„ n 13/^Tj nu 
strong L,rl3Url 


^64 
jut 


43l3,31 


-42 13 ,3o* 


10ft S61 

ZjUlUO.JUl 


1 nn 


JJ7 


i ^4 n 


j / 


RlpnH with P^HcPTV n,7 — 1/jk, — 1 nnH NR^f^fN 

D1CI1U Willi V 2 1 1 5 v . N , U{2 — 1/^21 — A allQ .NI Pv 1 ^V-IN 


^aa 
JOO 


43 12 , 3 i 


- 42 12,30* 


11A 1 HA H^i A 

2301 /4. /24 


J 


1/17 

J4z 


i "2A n 
1 JO.U 


17 
J / 


olena witn Crl3t,rl2*-^ ^na L,ti2 CrlCiN 


^AQ 
JUS 


43 n , 32 


-42n, 31 * 


23o2o2. jo2 


1 nn 


Q7^ 

JZJ 


1 17 O 

1 j l.y 


17 
J / 


olena witn L2n5trN, 1^13=1/^21 — 1 ana JNJrbLJr^CJN 


J /u 


136,8 - 


12 5 ,7* 


i^ia^iaa 


1 J 


jy 


i 1 
j.l 


17 

J / 


strong t,rl2 *-rl^JN ana L-2n5Wrl 


^77 

J /2 


654,62 - 


- 65 3 ,63 


Zj0jU0.4UZ 


Jc5 


JOJ 


1 n n 


17 

J / 


otrong L-rl3L.rl2^1N 


^71 

J / J 


43l0,33 


- 42 10,32* 


ZjOjol. / ID 


1 nn 


1 1 n 
J 1U 


1 1Q ^ 

1 jy. J 


17 
J / 


olena witn Cri2 L.rn_iN 


£7£ 

J / J 


43 9 ,35 - 


-42 9>34 


^iltHKAH ton 

23oj4 /.OoV 


J 


on/ 

zyo 


i /i i n 
141. U 


17 
J / 


olena witn Crl3L.rl2t.iN 


^7A 
J /0 


43 9 ,34 - 


- 42 9 ,33 


Zjoj4 /. /oV 


c 

J 


7Q£ 

zVO 


i /i i n 
141. U 


17 

J / 


Dl orl J Ti/JfV, 1 3 T T PIT r^M 

olena witn cri3L.ri2dN 


C77 

J / / 


20 5 ,,6 - 


- 194,1s 


2440o0.041 


1 7 

12 


<C7 

02 


i /i 
J.4 


A A 

40 


D 1 « ., ,1 ,,,;*U AU PIT PA 1 

Blend witn L.rl3L,rl3CU, v t =Y 


J /S 


20 5 ,, 5 - 


- 19 4 ,16 


24430 /.4oo 


1 7 

Iz 


£7 

02 


1 /i 
J.4 


A A 

40 


Dl,,,,,l TTr'tT. PI I PiTJ ,, 1 P I I 13pXT 

Blend witn L.rl3Url and C2rl5 ciN 


^70 

j ly 


9 7 ,2 - f 


iw* 


9Ad^fift fH7 


1 J 


j j 


J.Z 


H-O 


RlpnH with f.HrfN 

rjlCIlU W1L11 2 ^ 1 v , N 


^0 1 

JS1 


47 ,47 - 


- 46l,46 


^A A A OA AQ A 

2444o0.03o 


n 
1 


777 

2/2 


7 1 7 

21.2 


Q 1 

y i 


1 , > ,, ,1 34cp. 

Blend witn 0U2 


582 


47l )47 - 


- 46l,46 


2444o2.013 


1 


272 


161.0 


91 


ni ,,,,1 „ 34c a 

Blend with 0U2 


583 


47 ,47 - 


- 46o,46 


O /I A AO^I A AA 

2444 o 2.600 


1 


272 


161.0 


91 


Blend with 0U2 


584 


47 M7 - 


- 46o,46 


^\ ^ A A Ct A IT T~I 

244484.577 


1 


272 


21.2 


91 


Blend with SO2 


585 


44 3 ,4i - 


- 43 3 ,40 


244500.437 


5 


260 


149.8 


91 


Blend with CH3OCH3 


586 


30 4 ,27 - 


-29 3 ,26 


245163.234 


16 


123 


3.8 


72 


Strong HCC 1;, CN, u 7 = l 


587 


254,21 - 


- 24 3 ,22 


245723.730 


11 


86 


3.0 


53 


Blend with CH 2 CHCN 


588 


45 17,28 


-44i7,27* 


246946.103 


100 


469 


132.3 


68 


Strong C2H3CN 


590 


45 16,29 


-44i6,28* 


246973.216 


6 


445 


134.8 


68 


Blend with C 2 H 5 CN and CH3COOH 


592 


45 15,30 


-44i5, 29 * 


247008.106 


100 


423 


137.2 


68 


Strong C2H3CN 


594 


45 1 4 ,31 


-44i4,30* 


247053.206 


100 


402 


139.4 


68 


Strong CH3OCHO 


^QA 

jyo 


45 13 ,33 


-44i3,32* 


0/17 1 1 1 f^A'X 
Z4 /ll 1.04 J 


1 nn 


3Q7 
Jo2 


i/ii ^ 

141. J 


AO 
OS 


C tml1 „ T ip \T _0 nnA r^I I AATTA 

otrong rH_-3iN, v-j—Z ana Cri3VJi_riu 


cno 
j9o 


45 12 ,34 


-44i2,33* 


24/ loo. lo / 


j 


J04 


1/11/1 
14J.4 


AO 

OS 


1 ,^ / 1 ,,,;*U P I I PTvT PIT PTT PA 1 ^1 PT_T AAATJ 

Blend with L.2rl3L.JN, L.rl3L.rl3C(J, v t =l and L.rl3CUUrl 


600 


156,10 - 


- 14 5 ,9 


i/iTi/n /loo 
24/242.420 


12 


/i z: 

46 


3.3 


£ O 

68 


/-~i tt p\i 1 j pTT 13ptt P\T 

Strong C2H3CN, L»i5 = 1 and CH3 1J CH2UN 


OUi 


156,9 - 


143,10 


24/242. /54 


1 7 
12 


/i £ 
40 


i i 
j.j 


AO 

OS 


Ct„„„„ P I I PM 1 ,, . 1 PTT 13PTT PM 

Strong C2rl3CJN, L"i5 = 1 and CH3 ChbcIN 


602 


3U.28 - 


- 30 3 ,27 


O /l "70 AO H A A 

Z4/Z4&. /44 


1 s 

16 


131 


i n 

3.9 


AO 

68 


C 4 .... .» P TT PM 1 .. . 1 PTT 13PTT PM 

Strong C2H3CN, fig = l and Crl3 1J C,rl 2 CIN 


Am 
OlJj 


45n,35 


-44u, 3 4* 


24/2o9. /5j 




j4o 


14j. 1 


OS 


Blend with L.2rl3L.JN, v^ = l 


An^ 
OLD 


56c).48 - 


- 56s,49 


24/291.VU2 


1 7 

Iz 


A AO 

40o 


1^7 

1 J.2 


AO 
OS 


Blend with L^Hs*^^) ^15 1 


606 


45 10,36 


-44io,35* 


f> ah a n on 
24/42/. 31 / 


5 


333 


146.7 


AO 

68 


r> 1 , „ 1 'ax. tt13pppm i . . . i ^ ttaaatt 

Blend with H CCCJN, ^6-1 and t-rlLUUH 


608 


46 4 ,43 - 


- 45 4 ,42 


251970.749 


5 


285 


156.4 


42 


Blend with CH3OCH3 and CH3OH 


609 


45 5 ,40 - 


-44 5 ,39 


252031.184 


100 


281 


152.5 


42 


Blend with C 2 H 5 CN, y 13 =l/ti2i = l 


610 


46 2 1,25 


-45 2 1,24 


252371.919 


16 


590 


124.9 


42 


. IT/~1TT ATT 

Strong "CH3OH 


611 


46 2 l, 2 6 


- 45 2 1,25 


252372.057 


100 


590 


124.9 


42 


f~1 . 13/^TT ATT 

Strong "CH3OH 


612 


46 2 o,26 


- 45 20,25 


252382.043 


11 


560 


128.0 


42 


Blend with 13 CH 3 CH 2 CN 


613 


46 2 o,27 


- 4520,26 


252382.165 


100 


560 


128.0 


42 


Blend with 13 CH 3 CH 2 CN 


614 


46 19,27 


- 45 19,26 


252395.494 


8 


532 


130.9 


42 


O * XTTT nTTA J P TT PXT 1 

Strong NH2CHO and C2H3CN, vu = l 


615 


46i9 i28 


-45 1 9 ,27 


252395.596 


100 


532 


130.9 


42 


Strong NH 2 CHO and C 2 H 3 CN, v u = l 


616 


264,22 - 


-25 3 ,23 


252401.668 


100 


92 


3.0 


42 


Strong NH 2 CHO and C 2 H 3 CN, Vu = \ 


617 


46i8,28 


- 45 18,27* 


252413.093 


7 


506 


133.6 


42 


Blend with C 2 H 3 CN, v n = l and U-line 


619 


46i7_30 


- 45n,29* 


252435.886 


6 


480 


136.2 


42 


Strong C2H5CN, v li = l/v 2 i = l 


621 


46 16 ,3i 


- 45 16,30 


252465.229 


6 


457 


138.7 


42 


Strong U-line 


622 


46i6,30 


- 45 16,29 


252465.379 


100 


457 


138.7 


42 


Strong U-line 


623 


93 7 ,86 - 


-93 6 ,87 


252466.454 


90 


1191 


24.1 


42 


Strong U-line 


£7/1 

024 


34 9 ,25 - 


- 34 8 ,26 


OCTn? 1 AO 1 
ZJjyji.OOi 


1 ^ 
1 j 


7m 
2UJ 


O 1 

S.J 


17 

j2 


otrong L-2115^'^ ana 0U2 


625 


34 9 , 26 - 


- 34 8 , 27 


253951.859 


13 


203 


8.3 


32 


Strong C2H5CN and S0 2 


626 


467,39 - 


- 45 7 ,38 


253965.040 


5 


309 


154.1 


32 


Strong NS 


627 


48l, 47 - 


- 47 2 ,46 


254009.911 


6 


293 


18.1 


32 


Strong CH3OH in absorption 


628 


35432 - 


- 34 3 ,3i 


254021.313 


17 


166 


4.6 


32 


Strong CH3OH in absorption 


629 


46 5 , 42 - 


- 45 5 ,4i 


254033.953 


5 


292 


155.8 


32 


Blend with HC 13 CCN, v 6 =l and C 2 H 5 OH 


630 


339,24 - 


- 33 8 ,25 


254066.133 


13 


194 


8.0 


32 


Blend with C 2 H 5 CN 


631 


339,25 - 


- 33s,26 


254066.244 


13 


194 


8.0 


32 


Blend with C 2 H 5 CN 
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Table 1. continued. 



N a 


Transition 6 


Frequency 


Unc. c 




c 1 

Six 1 




Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(i) 




(2) 


(3) 


/ A\ 

(4) 


(5) 


(6) 


(') 


(8) 


632 


48 2 , 47 - 


- 47 2 ,46 


2 j4Uo1. 22 j 


i 



OnQ 

293 


163.9 


QO 

32 


Mrong ana L^WsLiN 


iQQ 

633 


8 66,80 - 


- 865,81 


2MUo2.UoU 


i/l 

04 


inn 
1013 


on /i 
2U.4 


QO 

32 


C <-.-^ .» PU PI! f f\ ,, . 1 P T T p\T 

strong L,H3Crl3CU ana L-2W5CiN 


634 


48 1>4 7 - 


- 47,,46 


9S41 00 0R7 





?Q3 


1 64. 


3? 
oz 


RlpnH with Si^ 

D1CI1U Willi olO 


iQ C 
63 J 


32c),23 " 


- 3 2 8 ,24* 


2j41 /U.JoU 


1 q 
13 


1 QC 
183 


I . / 


QO 

51 


Dl^,,,] "^.l, 13ptt pi I P"\T 

olena witn L-rl3L.rl2L.iN 


63 I 


48 2 , 47 - 


- 47i, 46 


i^a 171 /in 1 
2j41 / 1.4U1 


i 

6 


OQQ 

Z93 


18.1 


TO 


Diena Wltn L-rl3L.rl2L^lN 


638 


319,22 " 


- 318,23* 


ZJ4Z.UJ.UU7 


1 3 


177 


7 4 


3? 


OllUllg nv^L. v^lN, t/7 — 1 allU 0U2 


i/in 
64U 


46 6 ,4i - 


- 456,40 


O^/IQ 1 1 A AG 

2j4j1 1.40V 


c 

3 


3UU 


1 cc 1 

1 JJ. 1 


QO 

3z 


C . p it PM ,. ,-wl 1 V"T I r 1 ! I r^M 

strong C2 r l5CiN ana L.rl3Crl2L.JN 


i/l 1 


30 9 ,2i - 


- 30s,22* 


*"> C A "} CA OIO 

254350.818 


13 


1 in 

169 


7.2 


32 


btrong NH2 CrlU 


i /i q 
643 


898,82 " 


- 89 7 ,83 




46 


1095 


23.7 


32 


Mrong JNH2 CHL) 


i/1 A 

644 


29c,,2o - 


-29 8 ,2i* 


2M42o.22U 


1 Q 

13 


1 ii 
161 


c n 
6.9 


QO 

32 


C 1 .-.^ .» PU ATI 

Mrong Crl3L)rl 


i A i 

646 


H7.5- 


10 6 ,4* 


£LC\£. 

2dd35 /.69o 


13 


40 


3.4 


217 


t 1 «...,., UP XT 1 

Mrong rlC3iN, ^7 = 1 


648 


47 3 ,45 - 


- 462,44 


255440.594 


6 


289 


13.8 


217 


O j. ATT /^""T T 1 V 1 M 

Strong CH2CH CN 


649 


364,33 - 


- 353,32 


255457.676 


18 


175 


4.9 


217 


Oi z' "1 XT 11 1 1 y-iIT I3/"^TT/TM 

Strong C2H5CN, ui3 = l/i;2i = l and LH 2 CHCN 


650 


47 18,29 


-46is,28* 


257901.052 


7 


518 


137.6 


1127 


Blend with CH 3 CN, v g = l 


652 


47n,30 


-46 n ,29* 


257925.778 


6 


493 


140.1 


1127 


\I ■ 11 1 -.1 /"^ XX riM 1 * 1 1 /""III riATTA 

Noisy, blend with C 2 H 3 CN, Ui 1 = l/u 1 5 = l and CH3OCHO 


654 


46 5 ,4i - 


-45 5 ,4o 


257933.505 


5 


293 


156.0 


1127 


XT 11 J ' ' 1 /~> TT AM 11 1 J ATT APTTA 

Noisy, blend with C2H3CN, v l i = l/v l5 = l and CH3OCHO 


655 


47l6,31 


-46i6,30* 


257957.480 


6 


469 


142.5 


1127 


Blend with C 2 H 5 l3 CN 


iCT 

OZ> / 


47l5,32 


-46l5,31* 


2j /yyo.UoJ 


i 
6 


a An 
44 / 


1 A a 

144.0 


llz/ 


C ( ■-, ,» PI I P NT ,, 1 ,, ,1 pi T PAP I I PA 

otrong L.H3L.1N, fg — 1 an a L.H3 UL.HU 


659 


47 14 ,33 


-46l4,32* 


258050.228 


6 


426 


146.9 


1127 


O * ATT AXT 1 

Strong CH3CN, tig = 1 


ii 1 

661 


47 13 ,34 


-46l3,33* 


258117.607 


6 


406 


148.9 


1127 


t 1 <-..,.., .» AT T PiPTTPi 

Strong CH3OCHO 


663 


17 6 ,12 - 


- 165,11 


258162.597 


12 


54 


3.5 


1127 


O * I^ATT ATT J TTAl'iXT 

Strong CH3OH and HC N 


664 


17 6 ,n - 


- 165,12 


258163.845 


12 


54 


3.5 


1127 


. I3att att 1 ttaISxt 

Strong "CH3OH and HC 13 N 


665 


47l2,35 


-46i2,34* 


258205.577 


6 


388 


150.7 


1127 


Strong CH 3 CN, t) 8 = l 


iio" 
66 / 


384,35 - 


- 373,34 


OCOOQO 1 C7 

238232. 15 / 


1 / 


1 nc 
195 


C A 

5.4 


1 1 OT 

112/ 


Strong CH3CJN, ug = 1 


668 


47„,37 


-46i,,36* 


258322.177 


6 


372 


152.4 


1127 


Strong CH3CN, t) 8 = l 


670 


48 2 ,46 - 


- 47 2 ,45 


2j5o3o.o/d 


6 


302 


163.6 


1609 


Noisy 


i^7 1 

6/1 


46 4 ,42 - 


- 45 4 ,4i 


OrofiC 1 1 TO 

2j5VM.13o 


c 
5 


TOO 

285 


1 C^ £ 

156.6 


1609 


Strong L.H3CJN, D8—2 


oil 


70 4 ,67 - 


-70 3 ,68 


2j9UU/.j9d 


58 


65U 


1 n n 
10.0 


1609 


Blend with H CJN in absorption and CH3CJN, v%=l 


iTQ 

6/3 


47 8 ,4o - 


- 46 8 ,39 


2j9U1o.J1V 


i 

6 


1 q 1 
331 


1 C£ c 

156.3 


1 inn 
1609 


Blend with H LN in absorption and CH3CJN, vg=l 


i-7 a 

674 


96ll, 85 


- 96 10,86 


2j9U22.243 


75 


1 Qni 

1306 


on a 
29.4 


1 inn 

1609 


Blend with H CJN in absorption, CH3CN, v%=2, and 

PT_T 13PTT AVT 

^ I I3 v I P v IN 


6/5 


47 8 ,39 - 


- 46 8 ,38 


2j9U24.o24 


i 
6 


qq 1 
331 


1 C£ c 

136.3 


1 inn 
1609 


T) 1„„J -,,^4-1— TTl' P^A-T 1 « „ 1_ „ ..^ .» 4- ! . . P^T T P^AT , . O . . „ ,1 

Blend with H L.JN in absorption, L.II3L.1N, v%= 2, and 

PU 13ptt ATvT 
V_rl3 v I bv IN 


6/6 


94 7 , 87 - 


-94 6 , 88 




QQ 

93 


1 1 c 

1Z13 


04 n 

Z4.U 


1 ino 


iNoisy, Diena witn L.ri3L.ri3L.ij, v t — 1 ana L.2ri5L.iN, ^13 — i/f2i — t 


Oil 


49i, 48 - 


-48 2 ,47 


2jV 1 /U.U / J 


i 



3U6 


1 a 
I0.6 


1 inn 


M^'.-.^/ U1 an A .T.IfT. PU PI I PPi ,, 1 J P TT P\T ., 1 /,, 1 

iNoisy, blend with L.rl3L.H3L.(J, ^ f =l ana L,2H5L.iN, ^13 = 1/^21 = l 


i*70 

Ola 


49 2 ,48 - 


-48 2 ,47 


2j^22o.3y / 


i 



306 


1 AT A 

16/.4 


1 inn 
1609 


C i .-.^ ,» P I T 13p\T 13 PTT P I IPNT „ J p I I p\T 

strong C2H5 L.JN, UH2^H^l N lpand U2H5L.N 


i*7n 

6/9 


49,,48 - 


-48i, 47 


23^241.359 


i 



306 


1 £n a 
16/.4 


1 inn 
1609 


C i P TT 13PM 13 PTT PI IPNT „„ J p I I PTvT 

strong C2H5 L.JN, Url2 ( -H ( -N, and ^Hs^^ 


680 


754,71 - 


- 753,72 


TC no A A OA£ 

2 j 9244.21)0 


CO 

58 


756 


1 1 A 

13.4 


1 inn 

1609 


C,„„„„ p TT 13pm 13pTT PTTPM „ „ J p TT P1VT 

Strong C2H5 (_N, CH2CHCN, and L2H5CN 


681 


48 3 , 46 - 


- 47 2 ,45 


260229.609 


6 


302 


14.3 


413 


Strong C2H5CN 


682 


23 5 ,, 8 - 


- 22 4 _i9 


260510.203 


11 


78 


3.6 


413 


Strong C2H5CN, ui3 = l/i;2i = l 


683 


4820,28 


- 4720,27 


263352.009 


12 


585 


136.1 


74 


Blend with HCC 1J CN, u 7 = l and "CH3CH2CN 


685 


48 19,29 


- 47l9,28* 


263368.180 


9 


557 


138.9 


74 


Blend with NH 2 CH 2 CN 


687 


48[8,30 


- 47 18,29* 


263389.051 


7 


530 


141.5 


74 


Strong HNCO, y 4 =l and CH3OCH3 


689 


48 1731 


- 47 17,30* 


263415.803 


7 


505 


144.0 


74 


Strong CH3OCH3 


691 


48 16,32 


-47i6,31* 


263449.974 


6 


481 


146.4 


74 


Strong HNCO 


693 


48l5,33 


-47 15,32* 


263493.569 


100 


459 


148.6 


74 


Blend with C 2 H 5 13 CN and CH3OCH3 


695 


48i4,34 


-47 14,33* 


263549.541 


100 


438 


150.6 


74 


Strong NH 2 CH0, S0 2 , and NH 2 CH0, v n = l 


697 


186,13 - 


- 175.12 


263612.153 


12 


58 


3.6 


74 


Blend with NH 2 CH 2 CN and CH3OCH3 


698 


186,12 - 


- 17 5 ,13 


263614.442 


12 


58 


3.6 


74 


Blend with NH 2 CH 2 CN and CH3OCH3 


699 


48l3,35 


-47i3,34 


263621.701 


6 


419 


152.5 


74 


T~» 1 J " il ATT AATT 

Blend with CH3OCH3 


/uu 


48i3,36 


"47 1335 


zoj)ozi.oyj 


1 nn 


zL1 Q 

419 


1 CO c 

13Z.3 


/4 


d p t1/ i * IT :tU pi 1 rv'ii 

Diena wiin ^ 1 l ^vv 1 1^ 


701 


493,47 - 


-48 3 ,46 


?6^6S7 07? 


1W 


314. 


167 


108 

1UO 


Srrnno HNPO nnH HN 13 rn 

OllUllg I 1 . > V. V 7 «11U. I 1 1 > V. V.y 


702 


48l2,36 


-47 12,35* 


263715.805 


6 


401 


154.4 


108 


Blend with HCC 13 CN, y 7 =l and HNCO, v 6 =l 


704 


47 5 ,42 - 


-46 5 ,4i 


263828.012 


6 


305 


159.5 


108 


Blend with HC 3 N, y 5 =l/i; 7 =3 and C 2 H 5 CN 


705 


48 11,38 


-47n37* 


263840.460 


6 


384 


156.0 


108 


Blend with U-line and NH 2 CHO 


707 


49 2 ,47 - 


-48 2 ,46 


263943.595 


6 


314 


167.0 


108 


Blend with U-line and NH 2 CH0 


708 


764,72 - 


- 763,73 


264005.376 


63 


775 


13.4 


108 


Strong CH 3 ' 3 CH 2 CN and C 2 H 5 CN 


709 


48 10,39 


- 47 10,38* 


264009.192 


6 


369 


157.5 


108 


Strong CH 3 13 CH 2 CN and C 2 H 5 CN 


711 


48 6 ,42 - 


- 47 6 ,4i 


266696.771 


100 


324 


162.1 


91 


Strong CH 3 13 CH 2 CN, C 2 H 5 CN, and CH 3 OH 



Notes: " Numbering of the observed transitions associated with a modeled line stronger than 20 mK. b Transitions marked with a * are double with 
a frequency difference less than 0. 1 MHz. The quantum numbers of the second one are not shown. c Frequency uncertainty. d Lower energy level 
in temperature units (E[/k B ). e Calculated rms noise level in T mb scale. 
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Table 2. Transitions of the gaMc/ze-conformer of ethyl formate observed with the IRAM 30 m telescope toward Sgr B2(N). The hor- 
izontal lines mark discontinuities in the observed frequency coverage. Only the transitions associated with a modeled line stronger 
than 20 mK are listed. 



N" 


Transition 6 


Frequency 


Unc. c 


E x d 


sy 


a e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


1 


147,8 - 


- 13 77 


99252.267 


9 


140 


43.9 


19 


Blend with a(CH 2 OH) 2 and C 2 H S CN 


2 


147,7 " 


- 13 76 


99252.460 


9 


140 


43.9 


19 


Blend with a(CH 2 OH) 2 and C 2 H 5 CN 


3 


I61.16 


~15l,15 


104834.473 


10 


132 


66.3 


25 


Blend with C 2 H 5 CN, d 13 =1/d 2 i = 1 and U-line 


4 


16() 16 


— 15o 15 


104848.839 


10 


132 


66.3 


25 


Blend with C 2 H 3 CN, [) 11 = 1/d 15 = 1 


5 


15 9 , 7 - 


- 14 9 ,6* 


106216.238 


9 


154 


40.2 


25 


Blend with C 2 H 3 CN, v n = l/v ls = l 


7 


15 8 ,8 - 


- 14 8 ,7* 


106286.532 


9 


149 


44.9 


25 


Blend with U-line 


9 


15 7 , 9 - 


- 14 7 ,8 


106400.093 


9 


144 


49.1 


25 


Blend with U-line 


10 


15 7 ,8 - 


- 147,7 


106400.593 


9 


144 


49.1 


25 


Blend with U-line 


11 


152,13 


- 14 2 ,12 


107933.484 


100 


131 


60.9 


46 


Blend with C 2 H 5 CN, [) 13 =1/d 21 = 1, C3H7CN, and U-line 


12 


154,11 


- 14 4 ,io 


108497.732 


10 


134 


58.3 


20 


Blend with C 2 H 5 CN and U-line 


13 


162,15 


- 152,14 


108858.373 


9 


135 


65.2 


20 


Blend with 13 CN in absorption, CH3CH3CO, v,=l, and U-line 


14 


16l,15 


- 15 1 14 


109206.256 


100 


135 


65.3 


29 


Blend with C 2 H 5 CN, w 13 =1/d 21 = 1 and U-line 


15 




- 14 3 ,n 


110117.142 


10 


133 


60.4 


24 


Blend with U-lines 


16 


17 U 7 


- 16l,16 


111255.183 


100 


137 


70.5 


35 


Blend with CH 3 OH 


17 


17o,17 


- 16o,16 


111263.830 


100 


137 


70.5 


35 


Blend with C 2 H 3 CN, u„ = l/i; 15 =l and 13 CH 3 CH 2 CN 


18 


163,14 


— 15 3 ,l 3 


112186.512 


8 


137 


64.2 


42 


Blend with CH 2 13 CHCN 


19 


16l0,6 


— 15 10 5* 


113276.855 


9 


165 


40.8 


28 


Blend with CH3OCH3 


21 


169,8 " 


- 15 9 7* 


113332.031 


9 


159 


45.8 


28 


Blend with C 2 H 5 CN, u I3 =l/u 21 =l and CH 2 ' 3 CHCN 


23 


16s,9 " 


- 15 8 , 8 * 


113419.845 


9 


154 


50.2 


28 


Blend with C2H3CN, v n = \ 


25 


46 10,3-, 


1 - 469,38 


113560.008 


23 


488 


62.8 


28 


Strong CN in absorption 


26 


167,10 


- 15 7 ,9 


113560.122 


9 


150 


54.1 


28 


Strong CN in absorption 


27 


167,9 - 


- 15 7 , 8 


113561.324 


9 


150 


54.1 


28 


Strong CN in absorption 


28 


166,11 


— 156,10 


113783.618 


9 


146 


57.5 


34 


Blend with U-line 


29 


166,10 


- 156,9 


113810.530 


9 


146 


57.5 


34 


Blend with C2H3CN, v i5 =\ 


30 


164,13 


- 154,12 


113866.411 


9 


139 


62.7 


34 


Blend with a-C 2 H 5 OCHO and U-line 


31 


165,12 


- 15 5 ,ii 


114054.354 


9 


142 


60.4 


33 


Blend with C 2 H 3 CN, d 15 =1 


32 


162,14 


— 152,13 


114356.265 


100 


137 


64.9 


33 


Blend with CH3CH3CO and U-line 


33 


165,11 


- 155,10 


114420.852 


100 


142 


60.4 


37 


Blend with C2H3CN, [)h = 1/di 5 = 1 


34 


42 6 ,36 


-42 5 ,37 


115318.413 


41 


411 


44.6 


60 


Strong CO 


35 


17 2 ,16 


- 162,15 


1 1 1 r\ non 

115319.089 


9 


140 


69.4 


60 


Strong CO 


36 


17l,16 


-161,13 


115551.954 


100 


140 


69.4 


60 


Blend with C 2 H 3 CN 


37 


22i,2i 


- 212,20 


147415.492 


100 


171 


37.3 


31 


Blend with CH3CH3CO, v,= l and CHV 'CN, v g = l 


38 


9 7 ,3" 


86,2* 


147431.313 


18 


117 


14.5 


31 


Blend with C 2 H 5 OH and CH3CN, v s = l 


40 


97,3- 


86,3* 


147431.321 


18 


117 


0.9 


31 


Blend with C 2 H 5 OH and CH 3 CN, o 8 = l 


42 


22 2 ,2i 


- 212,20 


147454.440 


100 


171 


90.3 


31 


Blend with a(CH 2 OH) 2 , CH 3 13 CN, y 8 =l, and CH3OCH3 


43 


22i,2i 


- 21 1,20 


147479.064 


100 


171 


90.3 


31 


Blend with CH3CN, y 8 =l and 13 CH 3 CH 2 CN 


44 


222,21 


- 21 1,20 


147517.966 


100 


171 


37.3 


31 


Blend with CH 3 1;, CN, u 8 =l and CH 3 CN, u 8 = l 


45 


10 7 ,4 - 


"96,3* 


154495.310 


18 


120 


14.6 


112 


Blend with C 2 H 5 CN 


47 


10 7 ,4 - 


-9 6 , 4 * 


154495.348 


18 


120 


0.9 


112 


Blend with C 2 H 5 CN 


49 


239,15 


- 229,14 


163354.580 


7 


205 


81.5 


38 


Group possibly detected, partial blend with c-C 2 H 4 0, uncertain 
baseline 


50 


239,14 


- 229,13 


163355.083 


7 


205 


81.5 


38 


Group possibly detected, partial blend with C-C2H4O, uncertain 
baseline 


51 


233,20 


- 22 3 ,i9 


163550.748 


100 


184 


93.0 


38 


Blend with CH3OCHO, v t =l and CH 2 CH 13 CN 


52 


23s,i6 


- 22 8 ,is 


163648.730 


7 


199 


84.6 


38 


Blend with C3H7CN and NH 2 13 CHO 


53 


23s,i5 


- 22 8 ,i4 


163658.516 


7 


199 


84.6 


38 


Blend with C3H7CN, uncertain baseline 


54 


24 5 ,i9 


-23*18 


176014.876 


9 


196 


96.4 


365 


Blend with CH3OCHO, CH 2 CH 1J CN, and HNCO, v s = l 


55 


19 6 14 


— 185,13 


202061.374 


15 


160 


13.8 


138 


Blend withCH 3 13 CN 


56 


15 8 ,8 - 


- 14 7 ,7* 


202643.074 


17 


144 


17.5 


108 


Blend with CH 3 CN, y 8 =l and CH 3 13 CN, v s = l 


58 


15 8 ,8 - 


- 14 7 ,8* 


202643.365 


17 


144 


1.1 


108 


Blend with CH 3 CN, y 8 =l and CH 3 13 CN, u 8 = l 


60 


302,28 


-29 3 ,27 


202805.197 


7 


241 


47.3 


138 


Blend with C 2 H 5 CN and CH 3 13 CN, d 8 = 1 


61 


303,28 


-29 3 ,27 


202824.924 


100 


241 


122.7 


138 


Strong CH3CN, t) 8 = l 


62 


302,28 


-29 2 ,27 


202837.051 


100 


241 


122.6 


138 


Strong CH3CN, t) 8 = l 


63 


45 9 ,37 


-44io, 34 


202856.742 


41 


463 


10.5 


138 


Blend with CH 3 CN, w 8 =l 


64 


303,28 


-29 2 ,27 


202856.967 


7 


241 


47.3 


138 


Blend with CH 3 CN, w 8 =l 


65 


65 8 ,58 


- 65 7 ,59 


202857.921 


214 


828 


52.8 


138 


Blend with CH 3 CN, y 8 =l 


66 


17 7 ,n 


- 166,10 


203524.096 


16 


151 


15.9 


161 


Blend with CH 3 CN, v g =2 


67 


177,10 


- 166,10 


203528.806 


16 


151 


1.1 


161 


Blend with CH 3 CN, v g =2 


68 


17 7 ,n 


- 166,11 


203574.259 


16 


151 


1.1 


161 


Blend with CH 3 CN, v g =2 


69 


177,10 


- 166,11 


203578.970 


16 


151 


15.9 


161 


Blend with CH 3 CN, v g =2 and C 2 H 5 CN, v 2Q =l 


70 


29 5 ,25 


- 285,24 


204412.101 


7 


240 


116.8 


316 


Blend with 13 CH 3 CH 2 CN and U-lines 


71 


19 6 ,14 


- 185,14 


204417.969 


16 


160 


1.2 


316 


Blend with 13 CH 3 CH 2 CN and U-lines 
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Table 2. continued. 



N" 


Transition" 


Frequency 


Unc. c 






a' 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(I) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




72 


59 17 , 43 


- 59l6,44 


205092.813 


17 


11 A 


72.3 


100 


Strong C2H5CN, CH3OCH3, and CH3 CH2CN 


73 


285,23 - 


- 27 5 ,22 


205093.048 


8 


232 


113.5 


100 


O * / 1 TT /TXT /TT T /T./TTT J /TT T 13/TTT /TXT 

Strong C2H5CN, CH3OCH3, and CH3 13 CH 2 CN 


74 


31 1,30 - 


- 302,29 


r\/-\c r\r\ c a -~> s~ 

205095.436 


1 1 


245 


57.4 


100 


f~1 , /TT T 1 ^ /TT T /-(At 1 /TT T iT/TTT 

Strong CH3 l j CH 2 CN and CH3OCH3 


75 


31 2,30 - 


- 302,29 


205095.823 


11 


245 


127.9 


100 


f~1 , /TT T 1 ^ /TT T ri\T 1 /TT T JT/TTT 

Strong CH 3 11 CH 2 CN and CH3OCH3 


76 


31 1,30 - 


- 30i,29 


^acah*: ah 1 

205096.091 


1 1 


245 


127.9 


100 


r-i , [ 13/ttt /txt J /Ml HPTT 

Strong CH3 1 CH 2 CN and CH3OCH3 


77 


31 2,30 " 


- 30l,29 


205096.478 


11 


245 


57.4 


100 


Strong CIV 'CITCN and CH3OCH3 


78 


29i8,i, 


- 28is,io* 


205308.386 


8 


332 


74.6 


100 


Strong SO2 


80 


29n,i2 


- 28i7,n* 


205313.243 


8 


321 


79.7 


100 


O * OA J TT 1' O 

Strong SU 2 and U-hne .' 


82 


54[4,40 


- 53i5,39* 


205317.032 


22 


650 


15.2 


100 


O * OA J TT 1' O 

Strong SO2 and U-line .' 


84 


29i9,n 


- 2819,10 


205317.035 


9 


343 


69.3 


100 


O * OA J TT V O 

Strong SO2 and U-hne .' 


85 


2916.13 


- 28l6,12* 


205334.455 


8 


311 


84.4 


100 


O a. /II T I 3 ^~1T T /TX T 

Strong CH3 1 CH 2 CN 


87 


2920,0 - 


- 2820,8* 


205337.037 


9 


355 


63.6 


100 


Strong CH 3 l j CH 2 CN 


89 


29 2 1,8 - 


- 2821,7* 


205366.726 


10 


368 


57.7 


100 


T~»l 1 ■ ,1 /—I TT 13/TXT 

Blend with C 2 H 5 CN 


91 


29l5,14 


- 28l5,l3* 


205375.865 


8 


301 


88.9 


100 


O ■ / "1 T T /TX T 

Strong C2H5CN 


93 


29i 4 ,i5 


- 28[4,i4* 


205442.791 


7 


292 


93.1 


100 


r~v 1 i * . 1 011 I^jttt n\7 1 *r 11 I^/txt 

Blend with CH 3 1;, CH2CN and C 2 H5"CN 


95 


29l3,17 


- 28l3,l6* 


205542.814 


7 


284 


97.0 


271 


Blend with U-line 


97 


29i2,i 8 


- 28[2,17* 


205687.132 


7 


276 


100.6 


271 


Blend with C2H3CN, Un = l, uncertain baseline 


99 


29 2 7,2 - 


- 2827,1* 


205690.300 


20 


456 


16.2 


271 


Blend with C2H3CN, Un = l, uncertain baseline 


101 


29„,i9 


- 28 n,is* 


205893.033 


7 


269 


103.9 


271 


Blend with C 2 H 5 13 CN 


103 


29 10,20 


— 2810,19 


206188.338 


7 


263 


106.9 


280 


Blend with SO and 13 CH 2 CHCN 


104 


29io,i9 


- 28io,is 


206190.002 


7 


263 


106.9 


280 


Blend with SO and 13 CH 2 CHCN 


105 


29 4 ,25 - 


- 284,24 


206280.705 


100 


240 


117.1 


280 


Blend with C 2 H 5 CN and C 2 H 5 CN, t) 2 o=l 


106 


29 9 ,2i - 


- 289,20 


206614.666 


7 


257 


109.6 


106 


Strong C2H5CN and CH3OCHO 


107 


29 9 ,2o - 


- 289,19 


206639.557 


7 


257 


109.6 


106 


Blend with U-lines 


108 


56l7,40 


- 56l6,40 


206650.461 


14 


715 


2.7 


106 


Blend with C 2 H 5 CN 


109 


56[7,39 


- 56[6,40 


206650.601 


14 


715 


67.2 


106 


Blend with C 2 H 5 CN 


110 


56[7,40 


- 56l6,41 


206652.471 


14 


715 


67.2 


106 


Blend with C 2 H 5 CN 


111 


56[7,39 


- 56[6,41 


206652.612 


14 


715 


2.7 


106 


Blend with C 2 H 5 CN 


112 


30 3 ,27 - 


-29 4 ,26 


206654.482 


7 


246 


38.8 


106 


Blend with C 2 H 5 CN 


113 


29 6 , 24 - 


- 286,23 


206929.917 


8 


244 


115.8 


117 


O a f "1 T T /TX T 11 /~1 T T /"IX T 

Strong C2H5CN, u 2 o = l and C 2 H 5 CN 


114 


30 4 ,27 - 


-29 4 ,26 


206996.130 


100 


246 


121.8 


117 


Blend with OCS, v 2 =l and NH 2 13 CHO 


115 


285,24 - 


- 274,23 


207002.205 


100 


230 


24.1 


117 


Blend with OCS, u 2 =l and NH 2 13 CHO 


116 


30 3 ,27 - 


-29 3 ,26 


207175.063 


100 


246 


121.8 


117 


Blend with U-line 


117 


29 8 ,22 - 


- 28s,2i 


207183.249 


7 


252 


112.1 


117 


Blend with U-line 


118 


12l0,2 - 


-119,3* 


207240.583 


16 


141 


21.0 


117 


Blend with CH3OCHO and U-line 


120 


12l0,2 - 


-119,2* 


207240.583 


16 


141 


1.2 


117 


Blend with CH3OCHO and U-line 


122 


32o,32 - 


- 3 1 0,3 1 * 


207408.086 


100 


249 


133.2 


282 


Blend with C 2 H 5 CN, U| 3 =l/u 2 i=l 


124 


32o,32 - 


-31,,31* 


207408.141 


17 


249 


67.2 


282 


Blend with C 2 H 5 CN, u 13 =l/i; 21 =l 


126 


29 8 ,2i - 


- 28s,2o 


207451.586 


7 


252 


112.1 


282 


Blend with C 2 H 5 CN, i) 13 =l/u 21 = l and C 2 H 5 OH 


127 


30 4 ,27 - 


-29 3 ,26 


207516.619 


7 


246 


38.8 


282 


Blend with CH3CH3CO, v,=l and U-line 


128 


29 7 , 23 - 


- 287,22 


207601.807 


8 


247 


114.2 


282 


Strong NH 2 CH0, «i2=l and C 2 H 3 CN 


129 


20 6 ,,5 - 


- 19 5 ,14 


207703.938 


15 


166 


13.7 


282 


Blend with CH3OCH3 


130 


14 9 ,6 - 


13 8 ,5* 


208513.304 


16 


144 


19.3 


168 


Blend with C 2 H 5 OH and C 2 H 3 CN 


132 


14 9 , 5 - 


13 8 ,6* 


208513.306 


16 


144 


19.3 


168 


Blend with C 2 H 5 OH and C 2 H 3 CN 


134 


31 2 ,29 - 


- 30 3 ,28 


209205.202 


8 


251 


49.5 


58 


Strong H 2 CS and C 2 H 3 CN, v 15 =l 


135 


31 3 ,29 - 


- 30 3 ,28 


209217.484 


100 


251 


126.8 


58 


Strong C2H3CN, ui5 = l, CH3OCHO, and HC 3 N 


136 


312,29 - 


- 30 2 ,28 


209225.073 


100 


251 


126.8 


58 


Strong CH3OCHO and HC 3 N 


137 


313,29 - 


- 302,28 


209237.276 


8 


251 


49.5 


58 


Oi T T/T XT 

Strong HC 3 N 


110 

138 


74l8,56 


- 74 17 , 57 * 


209239.716 


197 


1 1 *">c 
1 123 


97.1 


CO 

58 


f , TT/T XT 

Strong HC 3 N 


i /in 
14U 


29 7 ,22 - 


- 287,21 


209426.660 


9 


24o 


11/1-3 

1 14.3 


CO 

58 


C «....., .» /M I f \/"' I I _ „ J /nil pi t f \ 

btrong CH3UCH3 ana CH3CH3CU 


141 


168,9 - 


15 7 ,8* 


r\f\f\/~ / r\ -)<-\/- 

209662.326 


16 


150 


17.7 


45 


O j- /T TT /TXT 1 T T/~1 ] 1 /"1/TXT ~\ J T T/^ /~1 1 1 /TXT ~\ 

Strong C2H3CN, [)n = l, HC CLN, 07=2, and HCL CN, ut=2 


143 


16s,9 - 


15 7 ,9* 


209663.117 


16 


150 


1.2 


45 


O a. /n T T /1\ T 1 T T/~1 1 ^ ri/^\T "\ IT T/~1 /™1 1 ^ /TX T ~\ 

Strong C2H3CN, 0n = l, HC 1 CCN, u 7 =2, and HCC 1 CN, jj 7 =2 


145 


187,12 - 


- 17 6 ,n 


210394.041 


16 


157 


16.0 


64 


r» 1 1 * . 1 t T /TT T 1 /TT T A/"1T T/T 

Blend with C2H5OH and CH3OCHO 


146 


1 87,11 - 


- 17 6 ,12 


210507.031 


16 


157 


16.0 


64 


O a TTA XT /"\ 

Strong HC 3 N, u 7 =2 


147 


41 17,24 


-41 16,25* 


210945.438 


10 


465 


43.1 


37 


^ a X TT T 1 ^ /™1T T/T 1 /™1 T T /TX T 1 / 1 

Strong NH 2 CHO and C 2 H 5 CN, fi 3 = l/f 2 i = 1 


1 AQ 

i4y 


41 17,25 


-41 16,26* 


O 1 OO A C A 1Q 


iu 


40J 


A1 1 

43.1 


in 


Mrong JNH2 L-htU ana C2rl5LJN, Ui3 = l/U21 = 1 


151 


30 5 ,26 - 


-29 5 ,25 


210948.194 


7 


250 


121.0 


37 


Strong NH 2 ' 3 CHO and C 2 H 5 CN, v 13 = l/v 2 i = l 


152 


29 5 ,25 - 


- 284,24 


211213.126 


100 


240 


26.6 


33 


Strong H2CO in absorption 


153 


32i,3i - 


- 31 2,30 


211492.742 


12 


255 


59.6 


33 


Strong CH3OCH3 


154 


32 2 ,3i - 


- 31 2,30 


211492.971 


12 


255 


132.0 


33 


Strong CH3OCH3 


155 


32i,3i - 


- 31 1,30 


211493.129 


12 


255 


132.0 


33 


Strong CH3OCH3 


156 


32 2 ,3i - 


- 31 1,30 


211493.358 


12 


255 


59.6 


33 


Strong CH3OCH3 


157 


29 5 ,24 - 


- 285,23 


211817.880 


100 


242 


117.5 


47 


Blend with CH 3 OH, u,=l and U-line 
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Table 2. continued. 



N a 


Transition" 


Frequency 


Unc. c 


Et 


2 


a" 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


158 


18n,i - 


" 1 8 16,2 


211857.177 


16 


231 


4.4 


47 


Blend with C 2 H 3 CN, u 15 = 1 and U-line 


160 


29i7,l2 


-29 16 ,i3* 


211859.692 


10 


320 


24.2 


47 


Blend with C 2 H 3 CN, v 15 =l and U-line 


162 


29i7.l2 


-29 16 ,i4* 


211859.692 


10 


320 


1.2 


47 


Blend with C 2 H 3 CN, i>i 5 =l and U-line 


164 


281741 


- 28i6,12* 


211880.904 


10 


311 


22.6 


47 


Blend with CH 2 CH 13 CN 


166 


281741 


- 28i6,13* 


211880.904 


10 


311 


1.1 


47 


Blend with CH 2 CH 13 CN 


168 


271740 


- 27i6,n* 


211896.387 


11 


301 


20.9 


47 


Strong C2H3CN, [)n = l and C 2 H 5 OH 


170 


27 1740 


- 27[6,12* 


211896.387 


11 


301 


1.0 


47 


Strong C2H3CN, [)n = l and C 2 H 5 OH 


172 


21 17,4 " 


-21l 6 ,5* 


211896.595 


13 


251 


10.4 


47 


Strong C2H3CN, u n = l and C 2 H 5 OH 


174 


21 17,4 " 


- 21 16,6 


211896.595 


13 


251 


0.5 


47 


Strong C2H3CN, on = l and C 2 H 5 OH 


176 


2217,5 - 


- 22)6,6* 


211905.280 


13 


259 


12.2 


47 


Blend with CH3CH3CO, v,=l, C2H3CN, vu = h and U-line 


178 


2217,5 - 


- 22i6,7* 


211905.280 


13 


259 


0.6 


47 


Blend with CH3CH3CO, v,=l, C2H3CN, i)n = l, and U-line 


180 


26l7,l0 


- 26i6,ii* 


211906.656 


11 


292 


19.2 


47 


Blend with CH3CH3CO, v,=l, C 2 H 3 CN, i)n = l, and U-line 


182 


261740 


- 26i6,io 


211906.656 


11 


292 


0.9 


47 


Blend with CH3CH3CO, v,=l, C 2 H 3 CN, v n = h and U-line 


183 


26i7,t) - 


- 26i6,io 


211906.776 


100 


292 


19.2 


47 


Blend with CH3CH3CO, v,=l, C2H3CN, u u =l, and U-line 


184 


23 17,6 - 


- 23 16,7* 


211911.066 


12 


266 


14.0 


47 


Blend with CH3CH3CO, v,=l, C 2 H 3 CN, v n =l, and U-line 


186 


23 17,6 - 


- 23 16,8* 


211911.066 


12 


266 


0.7 


47 


Blend with CH3CH3CO, v,=l, C 2 H 3 CN, Un = l, and U-line 


188 


25 17,8 - 


- 25 16,9* 


211912.208 


11 


283 


17.5 


47 


Blend with CH3CH3CO, v,=\, C 2 H 3 CN, v n = l, and U-line 


190 


25 17,8 - 


- 25i6,io* 


211912.208 


11 


283 


0.9 


47 


Blend with CH3CH3CO, v,=l, C 2 H 3 CN, v n = l, and U-line 


192 


24n,8 - 


- 24i6, 9 * 


211913.523 


12 


275 


15.8 


47 


Blend with CH3CH3CO, v,=\, C 2 H 3 CN, wn = l, and U-line 


194 


24 n ,8 - 


- 24is,8 


211913.523 


12 


275 


0.8 


47 


Blend with CH3CH3CO, v,=l, C 2 H 3 CN, wn = l, and U-line 


195 


24 n ,7 - 


- 24i6,8 


211913.626 


100 


275 


15.8 


47 


Blend with CH3CH3CO, v,=l, C2H3CN, i>n = l, and U-line 


196 


20 6 ,14 - 


- 195,15 


212146.465 


17 


166 


13.4 


36 


Strong NH 2 CHO, »i2=l 


197 


304,26 - 


- 29 4 ,25 


212369.981 


100 


249 


121.2 


36 


Blend with U-line, NH 2 13 CHO, v l2 = l, and C3H7CN, uncertain 














baseline 


198 


301842 


-29i 8 ,ii* 


212385.195 


8 


341 


80.3 


36 


Strong NH 2 CHO, 1)12=1 


200 


71 18,54 


-71i 7 ^S 


212386.233 


123 


1051 


91.5 


36 


Strong NH 2 CHO, 1)12=1 


201 


30l9,n 


- 29i9,io* 


212390.341 


8 


353 


75.2 


36 


Strong NH 2 CHO, Di2 = l 


203 


30l7,13 


-29l7,12* 


212394.782 


8 


331 


85.2 


36 


Strong NH 2 CHO, Di2 = l 


205 


3020,11 


- 2920,10 


212407.836 


9 


365 


69.7 


36 


nl J ' 1-1 XTTT 1 1 y' ~" I I /- N 1 J /si I /-ITT 1 

Blend with NH 2 CHO, y 12 = l and CH3CH3CO, u,=l 


207 


30i6,l4 


-29i6,i3* 


212422.256 


8 


320 


89.8 


36 


C t- XTTT riT Tr\ 

Strong NH 2 CHO 


inn 


30 2 1,9 - 


- 29 2 1,8* 


212433. S4J 


y 


inn 

ill 


04.U 


3D 


Strong JNH2L.HU 


21 1 


30,5,15 


-29l5,14* 


TIT J71 oqo 

2124/1. So2 


s 


311 


y4.i 


on 

yy 


ni ,„,| „ '.I, f I I ATT /'[ 1 f~\(~*1 I f\ „„ ^T /~1 TJ p\T 

Blend with t^risUri, Cn3UCriU, ana L^H/yCJN 


Til 

213 


3022,8 " 


-29 22 ,7* 


in< 70 H7/1 

2124 IZ.ylU 


1 n 
11) 


3yi 


n 


on 

yy 


Dl ,„,| „ '.I, f~1 TJ /"AT T y-ITJ T/'A „„J *~1 TJ p\I 

blend witn L2H5UH, C^ULliU, and 


215 


30i4,i7 


-2914,16* 


212549.578 


7 


302 


no n 

98.2 


nn 

99 


ni,,„,| XTTT 1 3 z" 1 T I /"\ „„J TT 1 C », 

Blend with JNH 2 CHO and U-line 


217 


29 6 ,23 - 


- 286,22 


212550.033 


10 


244 


116.6 


99 


TT» 1 J ' - 1_ XTTT 1 i/^I T /" \ J TT 1" 

Blend with NH 2 CHO and U-line 


218 


301347 


-29l3,16* 


212663.809 


7 


294 


102.0 


99 


Blend with C 2 H 5 OH and "CH 2 CHCN 


220 


301249 


- 29i2,18* 


212827.135 


7 


286 


105.4 


99 


Strong 13 CH 2 CHCN and NH 2 CHO 


222 


3028,3 " 


-29 28 ,2* 


212834.203 


100 


482 


16.2 


99 


Strong 13 CH 2 CHCN and NH 2 CHO 


224 


216,16 " 


-20545 


212845.604 


15 


173 


13.7 


99 


Blend with 13 CH 2 CHCN, uncertain baseline 


225 


lliu- 


- lOio.o* 


212997.517 


100 


143 


23.2 


99 


Blend with C 2 H 5 CN 


227 


11 11,0- 


- 10io,o* 


212997.572 


16 


143 


1.3 


99 


Blend with C 2 H 5 CN 


229 


30i 1,20 


-29n,i9 


213059.055 


7 


279 


108.7 


48 


Strong S0 2 


230 


30n,i9 


-29„,i 8 


213059.228 


7 


279 


108.7 


48 


Strong S0 2 


231 


313,28 " 


- 30 4 ,27 


213169.983 


7 


255 


41.1 


48 


Strong C2H3CN, vn = l 


232 


30io,21 


- 29 10,20 


213390.877 


7 


273 


111.6 


48 


Blend with CH3CH3CO, » ( =1, uncertain baseline 


233 


3U.28 - 


- 30 4 ,27 


213392.357 


7 


255 


125.9 


48 


Blend with CH3CH3CO, v,=\, uncertain baseline 


234 


30io,2o 


- 29io,i9 


213394.012 


7 


273 


111.6 


48 


Blend with CH3CH3CO, v,=l, uncertain baseline 


235 


16443 - 


- 15l,14 


213509.497 


41 


135 


0.8 


48 


Blend with C2H5CN, d 13 =1/d 2 i = 1 and U-line 


236 


313,28 - 


- 303,27 


'in 1 con 

2135H.580 


100 


255 


125.9 


48 


TT» 1 J ' i-l TT r>\T t 1 1 J TT 1' 

Blend with C 2 H 5 CN, d 13 =1/d 2 i = 1 and U-line 


237 


3U.28 " 


- 303,27 


213733.932 


7 


255 


41.1 


48 


Blend with C2H5CN, Di3 = l/i)2i = l 


238 


30 6 ,25 " 


- 29 6 ,24^ 


213791.953 


100 


253 


120.1 


48 


T~» 1 J ' i-l riTT /HTT 1 /~1 TT /^\T 1 J TT 1' 

Blend with CH3CH3CO, d,= 1, C 2 H 3 CN, V\ 5 =l, and U-line 


239 


33o,33 - 


- 32i,32* 


TITO ry-i c T C 

213807.575 


17 


259 


69.4 


48 


T~» 1 J ' i-l /"> TT i^\T 

Blend with C 2 H 5 CN 


241 


33o,33 - 


- 32 ,32* 


oil onn 1 
21380/. OZl 


100 


259 


137.4 


48 


ni,,„,i . • + i_ /~i tt /^xt 

Blend with C2H5LJN 


243 


309,22 - 


- 29 9 ,2i 


213865.943 


7 


267 


1 14.2 


48 


Blend with L2H5UH and C2H5 CJN 


244 


30 9 ,2i - 


- 299,20 


010 f\c\(\ r\ 1 /" 

213909.016 


7 


267 


1 14.2 


48 


r~j 1 1 -.1 i—\ 11 n\T J I3/~1TT ATI 

Blend with C3H7CN and CH3OH 




13l0,3 - 


- 12 9 , 4 * 


1\A^\\A All 


1 f\ 


1 zt^ 


1 1 1 

Zl.l 


/ j 


OLiOIlg K A 1 .N allU V. 2 ' '5 v-'l^l 


247 


13l0,3 - 


- 12 9 ,3* 


214314.472 


16 


145 


1.2 


75 


Strong 13 CH 3 CN and C 2 H 5 13 CN 


249 


308,23 - 


- 29 8 ,22 


214467.553 


8 


262 


116.6 


75 


Blend with CH3OCH3 


250 


30 7 ,24 - 


- 29 7 , 23 


214783.566 


8 


257 


118.6 


75 


Strong CH3OCHO 


251 


308,22 " 


- 29 8 ,2i 


214889.514 


8 


262 


116.6 


74 


Blend with 13 CH 2 CHCN 


252 


3U.27 " 


- 30 5 ,26 


214982.375 


100 


260 


31.4 


74 


Strong C 2 H 5 13 CN and 13 CH 3 CN, y 8 =l 


253 


159,7 - 


14 8 ,6* 


215567.674 


16 


149 


19.5 


74 


Strong C2H5CN, 1)20 = 1 and C 2 H 5 CN, y 13 =l/u 21 = l 


255 


159,7 - 


14 8 ,7* 


215567.680 


16 


149 


1.2 


74 


Strong C2H5CN, 1)20 = 1 and C 2 H S CN, d 13 = 1/d 21 = 1 
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Table 2. continued. 



N" 


Transition 6 


Frequency 


Unc. c 


FT? — 

Ei 


F — 1 


cr e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


257 


322,30 - 


- 313,29 


215600.637 


8 


261 


51.8 


74 


Strong C 2 H 5 CN 


258 


323,30 - 


- 313,29 


215608.230 


100 


261 


131.0 


74 


Strong C 2 H 5 CN 


259 


322,30 - 


- 312,29 


215612.952 


100 


261 


131.0 


74 


Strong C 2 H 5 CN 


260 


323,30 - 


- 312,29 


215620.426 


8 


261 


51.8 


74 


Strong C 2 H 5 CN 


261 


369,27 - 


- 366,30 


215623.049 


44 


336 


2.1 


74 


Strong C2H5CN 


262 


30 5 ,26 - 


-29 4 ,25 


215880.577 


100 


249 


29.1 


55 


Strong 13 CH 3 OH 


263 


178,10 - 


- 167,9 


216663.426 


16 


155 


17.9 


55 


Blend with C 2 H 5 OH, C3H7CN, and U-line 


264 


17 8 ,9 - 


167,9 


1*1 1 f f f 1 CIA 

216663.574 


16 


155 


1.2 


55 


-1 ■■ ' . 1 f A T T /~\ T T /~1 T T (~\ XT 1 T T 1 ' 

Blend with C 2 H 5 OH, C3H7CN, and U-hne 


265 


178,10 - 


- 167,10 


216665.420 


16 


155 


1.2 


55 


n| j ' , 1 /—1 tt ATT /~i TT ri\T J TT I - 

Blend with C2H5OH, L3H7CN, and U-hne 


zoo 


17 8 ,9 - 


167,10 


2IODOJ.JO/ 


16 


155 


17.9 


55 


r)l,...,| /~* TT r\ll /"' TT /""XT . . . 1 TT 1™^. 

Blend with C2H5UH, C3H7CJN, and U-line 


7^7 

zo / 


6 1 4 ,57 - 


-61 4 ,58* 


9 1 ft&ftfi f^Q^ 

ziDOoo.oyj 


IZo 


71 ^ 


A "3 
4. J 




D| pn .| iiAfU C I I I I fNT atirl TT litic. 

Diena wiin ^ 2 1 1 s v ^ 1 1 , C3ri7t^.iN, ana u-iine 


zoy 


61 5 ,57 - 


-61 4 ,58* 




Izo 


7 1 £ 


70 


JJ 


O 1 ,,,, ,1 ,, /~t I I HIT ( ' I I r^~KJ ,, ,-, A TT M-na. 

rilena witn L-2-H.5Url, L.3rl7L.JN, ana U-line 


77 1 
III 


19 7 ,13 - 


- 186,12 


1 n 1 no nn 
21 / LyZ.j ly 


to 


1 £3 

lo3 


to. i 


DU 


strong C,H3(JL.H3 


272 


30y,23 - 


-29 7 ,22 


21 /25J.2/0 


10 


258 


1 18.8 


50 


r)l,...,| „ ,' t L 13/^XT I I 13/^TT/^A.T . . . 1 TT 1 " , . 

Blend with CJN, CH2 CHCJN, and U-hne 


273 


22 6 ,i7 - 


-21 5 ,16 


217407.902 


17 


181 


13.6 


50 


Strong HC tCN, CH3OH, HLl tN, and CN in absorption 


274 


212,20 - 


-20,,2o 


>-\ 1 1 a r\r\ nn 

217409.248 


52 


160 


0.3 


50 


Strong HC 1 CCN, "CH 3 OH, HCC"CN, and 1 CN in absorption 


275 


19 7 ,12 - 


- 186,13 


217414.071 


16 


163 


16.1 


50 


Strong HCC 1J CN and "CN in absorption 


276 


31 S ,27 - 


- 30 5 ,26 


217441.193 


100 


260 


125.2 


50 


Strong 13 CN in absorption, CH 2 13 CHCN, and CH 2 CH 13 CN 


277 


3 1 18,13 


-30 18 ,i2* 


219461.424 


8 


352 


86.0 


92 


Strong C 2 H 5 CN 


279 


31 19,12 


~30i9,n* 


219462.695 


8 


363 


81.0 


92 


Strong C2H5CN 


281 


31 17,14 


-30i7.13* 


219476.189 


8 


341 


90.7 


92 


Strong NH 2 CN 


283 


3120,11 


- 302o,io 


219477.375 


9 


375 


75.7 


92 


C\ t_ XTTT 

Strong NH 2 CN 


285 


3121,10 


-30 2 ,,9^ 


219503.439 


9 


388 


70.2 


92 


n, /—l T T t~ 1XT 

Strong C 2 H 5 CN 


287 


31 16,15 


- 30[6,14 


r\ 1 r\ c 1 r\ Air 

219510.475 


8 


331 


95.1 


92 


ri. /—I TT ri\T 

Strong C 2 H 5 CN 


289 


31 22,9 " 


- 3 022,8* 


219539.304 


9 


401 


64.4 


92 


ft, T TX T/~1 / "\ 1 IT TX T z' 1 / X 

Strong HNCO, u 5 = l and HNCO 


291 


3 1 15,16 


-30l5,15* 


219569.004 


8 


321 


99.3 


92 


Strong C ls O 


293 


62[7,46 


- 61 18,43 


219569.366 


161 


836 


17.0 


92 


Strong C O 


294 


62[7,45 


- 61 18,44 


219572.725 


161 


836 


17.0 


92 


Strong C 18 


295 


31 24,7 " 


- 30 2 4,6* 


219635.627 


11 


429 


52.0 


92 


Blend with C 2 H 5 CN, u 2 o=l and CH 3 CN, v 4 = l 


297 


323,29 " 


- 314,28 


219637.655 


7 


266 


43.4 


92 


Blend with C 2 H 5 CN, v 20 =l and CH 3 CN, d 4 = 1 


298 


31 14,17 


- 30l4,l6* 


219658.346 


7 


312 


103.2 


92 


Strong NH 2 CN and HNCO 


300 


324,29 " 


- 314,28 


219781.349 


100 


266 


130.1 


92 


Strong HNCO, v 6 =l and HNCO 


301 


3 1 13,19 


-30 13 ,i 8 * 


219787.930 


7 


304 


106.9 


92 


Strong HNCO 


303 


21 6 ,i5- 


- 20 5 ,i6 


219793.028 


100 


173 


13.1 


92 


Strong HNCO 


304 


34i, 34 - 


- 33o,33* 


220205.386 


100 


270 


71.6 


98 


Strong HNCO, v 5 = l and C 2 H 5 CN, u 1 3 = 1/d 2 i = 1 


306 


34,,34 - 


- 33 1,33* 


220205.400 


17 


270 


141.6 


98 


O j_ T TX 1 ^ A 1 1 /- ^ T T /*™1X T 1 / 1 

Strong HNCO, v s = \ and C 2 H 5 CN, u l3 = l/f2i = l 


308 


58is,41 


- 58n,4i* 


22U2(JV.432 


15 


764 


2.8 


98 


strong HNCU, f5 = l and C2H5CJN, ^13 = l/f2i = A 


^ 1 n 


58 18,41 


- 58 17,42* 


990900 8^9 


1 j 


7^Zl 

/ OH 


Oo.o 


70 


oLlUIlg 1 1 1 > v A 7 . f5 — 1 dllU V. 2 ' IS v ;N , 0[j, — 1/^21 — 1 


'i 1 7 


3 1 1 1,21 


- 30i 1,20 


9909^1 Q77 


7 




1 1 J.4 


QS 
70 


rsiena wiin ^£13^1^ ana u-nne 


3 1 3 


3 1 1 1,20 


-30n,i9 


9909^9 39 1 


n 

I 


7GQ 


1 1 3. /I 


QC 

yo 


P| an ,| .ififT, r^T-T r^XT onn 1 TT Mr, a 

Biena with L.ri3L.iN ana u-hne 


3 1 A 

.514 


316,26 - 


- 30 6 ,25 


22UjoU.yoJ 


1 no 

tuu 


7£/1 

zo4 


1 7/1 3 


00 


0.„„„ „ 13/^"\t j TTrxTr^O 

strong L.H3 and rUNL-U 


3 1 <C 


31 10,22 


- 30io,2i 


990^03 3^9 


1 


7G3 


1 1 A 7 
1 10. Z 


no 


strong l_rl3ClN, *—rl3 L.IN, ana L.2rl5Url 


TIC 

316 


62 4 ,58 - 


-62 3 ,59* 


220606.847 


154 


735 


3n n 

30.0 


no 

98 


n. _ , , „ , . /-iTT 13/^A.T . . . I /— ' TJ ATT 

strong CH3 CJN and C2H5UH 


318 


62 5 ,58 - 


- 62 4 59 * 


220606.849 


154 


735 


30.0 


98 


O j_ /"IT T 1 3 /*™1X T 1 T T /M T 

Strong CH 3 CN and C 2 H 5 OH 


320 


31 10,21 


- 30 10 ,2o 


220609.106 


7 


283 


116.2 


98 


Strong CH 3 13 CN and C 2 H 5 OH 


321 


333,30 - 


- 32 4 ,29 


226072.922 


7 


276 


45.7 


278 


Blend with c-C 2 H 4 and 13 CH 3 OH 


322 


334,30 - 


- 32 4 ,29 


226165.300 


7 


276 


134.3 


278 


Blend with CN in absorption and CH3CH3CO, v,=\ 


323 


33 3 ,3o - 


- 32 3 ,29 


226216.618 


100 


276 


134.3 


278 


Blend with CH3CH3CO and CN in absorption 


324 


334,30 - 


- 323,29 


226309.069 


7 


276 


45.8 


278 


Strong CN in absorption 


325 


3 2s ,28 - 


- 31 4,27 


226357.720 


9 


270 


34.1 


278 


Strong CN in absorption 


326 


32i9,i3 


— 31 19,12* 


226534.021 


8 


373 


86.7 


278 


T1 1 1 " . 1 /"IT T X TT T 

Blend with CH 2 NH 


328 


32[8,15 


- 3 1 18,14* 


226537.002 


100 


362 


91.5 


278 


1 1 ' . 1 /"IT T X TT T 

Blend with CH 2 NH 


330 


3220,13 


-3120,12* 


226545.568 


8 


385 


81.6 


278 


T~i 1 J ' . 1 i^tt XTTT 

Blend with CH 2 NH 


332 


32n,i5 


- 31 17,14* 


226557.41 1 


8 


351 


96.1 


278 


Tii j ■ , 1 f a tt r<M 1 / 1 

Blend with C2H5CN, ui3 = l/U2i = l 


334 


322i,ii 


-3121,10* 


226569.424 


9 


398 


76.2 


278 


n 1 J • . 1 /"All /''/\/M I /~1 TT r\TT J /~>XT ■ 1 a" 

Blend with CH3COOH, C2H5OH, and CN in absorption 


JJD 


32[6,16 


- 31 16,15* 


99ASQQ 078 
ZZOJ77.U / 


Q 



j4i 


1 nn a 


778 
z to 


D| pn ,| .intri C II 13PM 

Dienu wiLii ^2^5 


338 


3 5 ,35 - 


-34,34* 


226601.560 


18 


280 


73.8 


278 


Blend withC 2 H 5 13 CN 


340 


35o,35 - 


- 34 ,34* 


226601.561 


18 


280 


145.8 


278 


Blend with C 2 H 5 13 CN 


342 


3222,10 


- 3122,9* 


226603.850 


9 


411 


70.6 


278 


Blend with C 2 H 5 13 CN 


344 


32i5,n 


— 31 15,16* 


226667.222 


8 


332 


104.5 


96 


Strong CN in absorption and C 2 H 5 OH 


346 


32i4,is 


- 31 14,17* 


226769.121 


8 


323 


108.3 


96 


Strong CN in absorption 


348 


32 13,20 


— 31 13,19* 


226915.261 


8 


314 


111.8 


96 


Strong CN in absorption 


350 


32i2,21 


- 31 12,20* 


227121.372 


7 


307 


115.1 


96 


Blend with C 2 H 5 CN, uncertain baseline 
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Table 2. continued. 



AJ a 
IS 


Transition" 


rretjiiency 


uni. 


F. d 


Vu 1 

Zfi 


U 


^.OIIlIIlCIllS 








(MHz) 


(kHz) 










(l) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


TCI 

3j2 


3211,22 - 


- 31n,21 


ZZ/41Z. 121 


1 




110 1 

118. 1 


or 
OJ 


strong HC3JN 


K1 

3j3 


3211,21 - 


- 3 1 1 120 


111 A 1 1 1Q£ 

ZZ/h-LZ. /oo 


1 




1101 
1 lo. 1 


or 
OJ 


Clrnn,. I 1/'^ XT 

otrong rlt,3iN 


2Z.A 

3j4 


316,25 - 


306,24 


on^nn new 
Zz/oUU. /Ul 


1 A 


1£Z 

ZOJ 


1 A 

1Zj.4 


OJ 


otrong L,2rl5Url ana rsrl2t_rlU 


JJJ 


32io,23 - 


- 31 10,22 


99789A 1 1 8 
ZZ / oZD. 1 lo 


Q 
O 


Zyj 


1 9n 8 

IZU.o 


OJ 


Diena wiin v 1 1 a ^ ' 1 


2^£ 


32io,22 - 


-31 10,21 


99783A A\A 
ZZ / 030.414 


Q 
O 


Zyj 


1 9n 8 

IZU.o 


OJ 


Diena wiin ti iii i 


357 


22 6 _i 6 - 


215.17 


227855 315 


20 


180 


12.7 


85 


Blend with HC 13 CCN HrC 13 rN ih~2 andU-line 

i_JJl_lJtl Willi 1 IV 'I j V j — Z-5 1 1 V V V^lil, V j — Z-5 UllU. \J 1111^ 


3^8 


81 10.71 - 


- 819.72* 


12 1 9fK 779 
ZJ 1ZUJ. I /Z 


1 / 1 J 


1 1AA 


77 8 
/ /.o 


1 8^ 
loJ 


C trnn rr -~ir,r\ TT lino 

oirong ana u-iine 


3oU 


34 33 i - 


334,30 


Z3Z4o0.30J 


1 


101 

Zo / 


A O A 

48.0 


1 n 

iy 


strong L2H5 CM ana ^rlsUH 


1£ 1 

3ol 


34 4 ,3i - 


33 4-3 o 


Z3Zj4j.33o 


jO 


101 

Zo / 


HO A 

138.4 


iy 


Blena uitn 1^2115^^ ^na ^HsUhl 


3oZ 


34 3 ,3i - 


33330 


H1S.1Q £Q£ 

ZoZj /O.OOD 


cf\ 
jU 


iqi 
Zo / 


1 10 A 

138.4 


1 n 
IV 


olena wim L.rl3 L.rl2*— JN ana UiT^^riCJN 


3o3 


34 4 ,3i - 


333,30 


111 £.11 lis. 






Zo / 


A Q A 

4o.O 


1 n 


olena witn L.ri3Url, ^=1, Chl3CJrl3L.U, ana L.1I2CU 


1£A 

364 


12l2,0 - 


UlU* 


IllOftC in 
Z3Z#yj. /I / 


1 c 
1 J 


1 CO 

1j3 


TC A 

ZD .4 


iv 


O 1 ^ ^ 1 „,;+U f I I PM J 13pTT PM 1 

Diena witn C2H5CJN ana CH3CJN, v^ = i 


300 


12l2,0 - 


Ull.O* 


121QQ^. 1 1 7 


1 c 

1 J 


1 j3 


1 /i 
1.4 


1 

iy 


Dl,,,,,! ( ' I I p\T J I Vl I P"\T 1 

olena witn L^risUN ana CJrl3L.iN, 


^A8 


33 10,24 - 


- 32io,23 


ZJ jUj7.JJ / 






1 9S J. 

1Z J.H- 


1 2 1 
1 ji 


ouong ^ i luA 1 \ \) ana ^ 2 ' 1-^ ^ ,n 


3 AO 
JO? 


33 10,23 - 


- 32io,22 


oaCH77 AOS 
ZJ JU 1 /.'4Uo 


Q 
O 




1 9^ A 
1Z J.^f 


1^1 
1 j 1 


oirong 11 13 v 1 1 1 ! u ana v 2 1 1 ^ ^ / 1 1 


J / U 


16l0,7 - 


159,6 


12^ 1 1 QzlQ 


1 C 
1 J 


1 ^Q 


91 A 
z 1 .0 


1 2 1 
1 j 1 


*vtroTirr i4r ,13 r , r , XT 


111 

J /Z 


16l0,6 - 


15 9 ,7* 


12*.^ 1 1 QzlQ 


1 ^ 

1 J 


1 ^Q 

LJy 


91 A 
z 1 .0 


1 ^1 
1 j 1 


^trriTirr T4r ,13 r , r v \T 


374 


3 39,25 - 


329,24 


235683 207 


50 


299 


127.8 


131 


Blend with HCC 13 CN v* = Uvi=3 

l-J 1 V, 1 1 \-l VV 1 111 X 1 V V . V^-l 1) U^y 1 j \J j *J 


J 1 J 


33t),24 - 


329,23 


9^S87S 700 


Q 
O 


9QQ 


1 97 8 
iz / .0 


1^1 


OllUIlg V \ \ \ \ 1 allti V \ I 'i IA I IV J 


^7A 
j / u 


34 4 ,3o - 


335,29 




100 


9Q9 


■^Q 


1^1 


Strnnaf,H. l3 rN 13 rT4.0T4 and 
olluilg v. 2 i 1 5 l—TN, v l 1 3 V 7 1 1 , tlllU olo 


^77 


3 3 7,27 - 


32 7 ,26 


93 Am 1 098 

ZJOUl l.UZO 


SO 


98Q 
Loy 


1 ^ 1 A 


1^1 
1 ji 


ouong ^ 1 1 3 \ ) n 


21 8 
J /o 


66 4 , 62 - 


663,63* 


ooaoaq AA8 
ZjOZ07.40o 


"5^7 
jj / 


8 1 A 
olD 


■^n 1 

jU. 1 


21 


Diena witn in 1 12^ 1 12^ 1^ ana 1 12*- 


3oU 


66 5 , 62 - 


664,63* 


93A9AQ /1AQ 

z3ozoy.4oy 


■^7 


8 1 A 
OlD 


■^n 1 
3U. 1 


21 


Diena witn iNri2v-ri2'-'iN ana ri2»— 


389 


33g,26 - 


32 8 ,25 


12 £11 A <Z 1 Q 

Z30Z/4. Jlo 


j\) 


ZV4 


1 2f\ n 
13U.U 


21 
3 / 


Diena witn iNri2v-.ri2V'iN ana ri2»— 


383 


236,17 - 


22 5- i 8 


236483.115 


100 


188 


12.0 


37 


r> I , „ 1 . . .• . v \1T t 1 n\T j /"'I 1 1 3 PI TPM 

Blend with NH2CH2CN ana LHj LHCN 


384 


34 2 3,11 - 


- 3 323,10* 


240768.473 


9 


447 


77.2 


216 


Ct /'II | (/-ITT CXT PI T PTT /'"•/' \ J TT r»TT 

Strong CH3 1 CH 2 CN, CH3CH3CO, ana C 2 H 5 OH 


386 


34i6,ig - 


- 33i6,n* 


240777.277 


8 


363 


110.8 


216 


f-i . /"ITT 1 ^ /— ITT n\T /—ITT /—IT T S"' S ~\ 1 /—I TT ATT 

Strong CH 3 l j CH 2 CN, CH3CH3CO, and C 2 H 5 OH 


388 


34is,i9 - 


- 33l5,l8* 


240866.895 


8 


354 


114.6 


216 


Strong C 2 H 5 CN and HNCO 


390 


34i4,21 - 


- 33l4,20* 


240996.801 


8 


345 


118.2 


216 


Strong C 2 H 5 13 CN, CH3CH3CO, and C 34 S 


392 


3 37,26 - 


32 7 ,25 


241104.938 


12 


290 


132.3 


216 


Blend with CH 3 13 CH 2 CN and U-line 


393 


362,34 - 


353,33 


^ A 1 1 C A 1 /" C 

241154.165 


10 


304 


60.8 


216 


O * ATT ATT 1 

Strong CH3OH, u,= l 


394 


36 3 , 34 - 


35333 


A J 1 1 c c ^ 1 .1 

241155.214 


10 


304 


147.7 


216 


O a /—ITT ATT 1 

Strong CH3OH, v,=l 


395 


362,34 - 


352,33 


1 j i ice oon 

241155.889 


10 


304 


147.7 


216 


O j. ATT A\TT 1 

Strong CH3OH, v,= l 


396 


3 6 3 ,34 - 


352,33 


1 j I ice" nio 

241156.938 


10 


304 


60.8 


216 


O j. ATT CM I 1 

Strong CH3OH, v,= l 


397 


34 29 ,5 - 


3329,4* 


O /I 1 1 "7A Oil 

241 179.81 1 


17 


543 


38.8 


216 


O a ATT AiTT 1 

Strong CH3OH, v,=l 


399 


34i3,22 - 


- 33l3,21* 


l"\ A -\ -\ TAX All 

241179.912 


8 


337 


121.5 


216 


p, /—ITT ATT 1 

Strong CH3OH, D t =l 


41) 1 


65 3 ,62 - 


65 2 ,63* 


241 187.055 


ICC 

355 


no a 

784 


11 £ 

ZZ.o 


zlo 


C «....., .» PTT PTT I 

Mrong CH3VJH, v T =i 


A C\1 

4UJ 


65 3 ,62 - 


65 3 ,63* 


Z41 lo /.Ujj 


"2 CC 


HQ A 


1 A 

3.4 


zto 


C I ,» PI I PTT ,, 1 

otrong Uri3Url, v t =Y 


405 


218,14 - 


20 7 ,i3 


244391.993 


15 


180 


18.5 


46 


Oa 1 (ATT ATT ATWT J A TT AM 

Strong CH3CH 2 CN and C 2 H5CN 


406 


218,13 - 


20 7 ,i3 


244396.589 


15 


180 


1.4 


46 


/~1 . 13 /—IT T /"IT T AX T 1 /—I T T /"IX T 

Strong CH 3 CH 2 CN and C 2 H 5 CN 


407 


235,18 - 


224,19 


244399.583 


45 


185 


5.5 


46 


Strong 13 CH 3 CH 2 CN and C 2 H 5 CN 


408 


218,14 - 


20 7 ,i4 


A A A ^ A 1 

244437.241 


15 


180 


1.4 


46 


r~v 1 I * . 1 a TT AXT A TT ATT 1 TT 1" 

Blend with C 2 H 5 CN, C 2 H 5 OH, and U-hne 


409 


218,13 - 


20 7 ,i4 


^\ A A A A \ Oil 

24444 l.o j / 


1 C 

15 


1 OA 

180 


18.5 


46 


O 1 , A „ 'it, p TT PTVT P TT PTT J TT 1 1 „ 

Blend with C 2 H 5 CN, C 2 H 5 OH, and U-line 


41U 


237,16 - 


226,17 


245129.808 


16 


1 A 1 

191 


1 r 1 

16.1 


12 


Strong CH2NH 


41 1 


363,33 - 


354,32 


Z4jZ / j.oj4 


1 nn 
1UU 


j 1U 


^9 A 
JZ.O 


79 

1 z 


C tmn „ T IP \T „ _1 all ,1 P I I 13pT>.T 

otrong riv_-3iN, V4—1 ana ^.2^15 i^in 


412 


364,33 - 


35 4-3 2 


245297.601 


100 


310 


146.7 


12 


T» 1 J " j-1 ATT ATT /"' f \ J 'idA A\ 

Blend with CH3CH3CO and S0 2 


413 


363,33 - 


353,32 


24531 1.367 


100 


310 


146.7 


12 


1~» 1 J " j-1 A T T A\T T JO f A 

Blend with C2H5OH and SO2 


H-IH- 


364,33 - 


35332 


94^33^ 1 

ZtjJJJ. IJO 


1 nn 

1UU 


2iT\ 


^9 A 


79 

/ z 




415 


34 8 ,26 - 


338,25 


^ AC A A1 O Af\ 

Z4544/.840 


1 1 


305 


134.4 


72 


C «....., .» P TT PTT P TT PTVT 1 / 1 „ „ J 13pTT PTT PM 

Strong C2Hg(JH, C2H5CJN, ^13 = 1/^21 = 1, and CH3CH2CJN 


416 


38o,38 - 


37o,37* 


245779.482 


100 


314 


158.3 


53 


O j. ATT 13ATTAXT J A TT ATVT 1 / 1 

Strong CH 2 CHCN and C 2 H 5 CN, y 13 =l/y 2 i = l 


/I 1 8 
410 


3 8 ,38 - 


37,37* 


9/1 ^77Q ^n 
Z4j / /y. JjU 


1 Q 

1(5 


2 1 A 
314 


cn <. 
oU. j 


J3 


C* m(1 „ PT 1 13pTTprVT orl H C I I r^M .1 — 1 /,i —I 

otrong L.rl2 l_rll_iN ana L,2ri5dN, 1^13 — l/y 2 i — 1 


420 


24 6 ,i8 - 


235,19 


245842.016 


26 


196 


11.2 


53 


Blend with C 2 H 3 CN, y n = l/y 15 =l 


421 


14l2,2 - 


13,1,3* 


1 A 7nCfl A \ £ 

Z4/05V.41D 


1 A 

14 


1 £1 

loZ 


a 

Z3.4 


68 


Strong L.H3VJL.IKJ 


423 


14l2,2 - 


13,1,2* 


Z4/059.41D 


14 


162 


1.5 


£0 

68 


C «...,., PTT PPTTP 

Strong CH3VJCHU 




3 5 6,30 - 


34 6 ,29 


Z"4 IV) 1 J.UO? 


1 nn 

1UU 


^n8 

jUo 


LH 1 . 1 


A8 
DO 


OllOIlg v_,2TT3 v-J-N ailU v 1 12 v l lv.. IN 


426 


39 ,39 - 


38o,38* 


252168.489 


100 


326 


162.5 


42 


Blend with C 2 H 5 CN, u 13 =l/u 21 = l 


428 


39 ,39 - 


38,,38* 


252168.541 


18 


326 


82.7 


42 


Blend with C 2 H 5 CN, v u =l/v 2 i = \ 


430 


24 7 ,, 7 - 


236,18 


252254.714 


16 


199 


16.0 


42 


Strong CH3OH 


431 


257,19 - 


24 6 ,i8 


254026.124 


15 


207 


16.1 


32 


Strong CH3OH in absorption, C 2 H 5 CN, i; 13 = l/y 21 = l, 
and HC 13 CCN,t; 6 =l 


432 


15 12,3 - 


14n,4* 


254139.046 


14 


167 


25.5 


32 


Strong C 2 H 3 CN 


434 


15 12,3 - 


14ll,3* 


254139.046 


14 


167 


1.5 


32 


Strong C 2 H 3 CN 
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Table 2. continued. 



N" 


Transition" 


Frequency 


Unc. c 


£1" 


Su 1 


a e 


Comments 








(MHz) 


(kHz) 










(I) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




436 


36i4,23 


- 35 14,22 





5 


Job 


12/. 


21 / 


Mrong L-h^Uii 


438 


17ii, 6 - 


- 16io,7* 


255442.928 


14 


171 


23.8 


217 


Strong CH2CH CN 


440 


17n,6- 


- 16,0.6* 


255442.928 


14 


171 


1.4 


217 


Strong CH2CH 1 CN 


442 


36b,24 


- 35 13,23* 


255458.533 


8 


360 


131.0 


217 


Strong C2H5CN, d 13 = 1/d 2 i = 1 and CH 2 13 CHCN 


444 


374_33 - 


- 365,32 


255646.981 


8 


327 


46.2 


217 


Strong H 13 CCCN and NH 2 CHO, v l2 =l 


445 


238,16 - 


- 22 7 ,i5 


257978.249 


15 


195 


18.7 


1127 


Strong CH3CN, u 8 = l 


A A £. 
440 


56n,46 


- 55 12 ,43 


Zjo\)Zy.5 fj 


55 


004 


1 O 

12. 


1 1 T7 
112/ 


strong L,H3L.JN, v^=i 


AA1 


383,35 - 


- 37 4 _3 4 


7^9,077 


Q 

y 


11 A 


^7 1 
J / . 1 


1 1 77 
1 1Z / 




A AQ 

44 o 


384,35 - 


- 37 4 _3 4 


ZjoU4Z.UUV 


n 
y 


77/1 

J 34 


1 1 

1 J J. 1 


1 1 T7 
1 1Z / 


Ct P „„„ PIT PM >, 1 

Mrong L,rl3L.IN, ^8 — 1 


AAQ 
44V 


383,35 - 


- 37334 


ocori/n ^70 
ZjoU4 / . J / 


Q 

y 




1 ^ 1 

1 Jj. 1 


1 1 77 
1 1Z / 


c , T PIT PXT ,, _ 1 
strong L,xi3L,IN, ^8 — 1 


A 

4jU 


384,35 - 


- 37334 


1CQn</c qqz; 

zjot-DO.yyo 



y 


71/1 
jj4 


^7 1 
J /.I 


1 1 77 
1 1Z / 


C , T PIT PXT 11 —1 

Mrong L,ri3L.iN, Vg — l 


4M 


23 8 ,i5 • 


- 22 7 ,i6 


ZDoloz.oo / 


1 C 

13 


iyj 


1 O 1 
15. / 


1 1 n 
112/ 


c<-^^^.„ [3pi 1 nu a t_jp15xt 

Mrong L,H3Uhl ana HL JN 


J.S7 


369,27 - 


- 35g,26 


7^52777 1A1 


1 
1 u 




141 7 
14 1 .Z 


I 1 77 

I I z / 


oirong v. 1 1 ; 1. , n . — 1 dnu ou 


4 Dj 


36 6 ,3i - 


- 35530 


0^00^7 1 QA 

ZjoZjZ. 154 


1 7 
1 J 


7on 
jZU 


77 Q 
JJ.O 


1 1 77 
1 1Z / 


Ctirinn TIT /^XT 11 1 nnfl en 

Mrong L,ri3L.iN, ^8 — 1 ana MJ 


454 


267,20 - 


- 256,19 


258801.772 


16 


216 


15.9 


1609 


n, PTT 1 IPTT PXT 

Strong CH3 LH 2 (_JN 


455 


37(;,32 - 


- 366,31 


260009.847 


8 


332 


149.4 


413 


Strong C2H5OH, CH 2 1;, CHCN, and CH3OCH3 


456 


39 2 ,37 - 


- 38336 


260297.586 


10 


340 


67.4 


413 


Strong C2H5CN, ui3 = l/i)2i = l 


457 


393,37 • 


- 38336 


260297.819 


10 


340 


160.2 


413 


Strong C2H5CN, y 13 =l/D 2 i = l 


458 


39 2 ,37 - 


- 38236 


260297.972 


10 


340 


160.2 


413 


Strong C2H5CN, Di3 = l/«2i = l 


459 


3 9 3 ,37 - 


- 38236 


itmno one 

260298.205 


10 


340 


£LH A 

67.4 


413 


O „ .» p TT PXT 1 / 1 

Strong C 2 H 5 CN, y 13 =l/u2i = l 




37 7 ,3i - 


- 36730 


Z0.3O4j.01 1 


Q 

y 


777 


1 AS A 
145.0 


1A 
1 4 


Diena wiin i iva i_rN, f 7 — 1 


40 1 


376,32 - 


- 36531 


ZOo3j4.oV / 


1 1 
1 1 


55Z 


5o.5 


"7 A 

/4 


D 1 « ,1 „ 'fU XTTJT PIT PXT 

Blend witn JNH2Cii2CJN 


A A 7 
40Z 


37n,27 


- 36n,26 


-")£»7/177 QAQ 
ZD.j4jZ.o4o 






7^C 

JJO 


AAA A 
141 . 1 


7/1 
/4 


Mrong riiNv^LJ, ^5 — 1 ana riiNv^u 


40j 


37n,26 


- 36n,25 


ZOJ^r^fJ.^OO 


Q 
O 


7^9. 
JJO 


1 A\ 7 
141. Z 


74 
/4 


oirong 1 1 in v. Ay. ^5 — 1 ana 1 1 in v. 


/I A/1 
404 


201041 


- IV 


zojooy.i io 


1 A 
14 


1 Q7 

Ioj 


70 /I 
ZZ.4 


1U5 


Mrong \^rl3UL.rl3, rliNL^LI, ana HL. L.L.1N, U7— 1 


400 


20io,n 


- 19 9 ,ii* 




1 /I 
14 


1 07 

loo 


1 /i 
1.4 


1 no 
lUo 


Mrong L,rl3(JL.rl3, rlINL.U, ana rlL. L.L.IN, Uj=L 


468 


3 6 7 ,29 - 


- 357,28 


264087 8 SO 


1 1 


326 


145.6 


108 


Rlend with Ho 13 rS and U-line 


469 


37 10,28 


- 36[o_27 


264094.028 


9 


351 


143.5 


108 


Blend with H 2 13 CS and U-line 


470 


40 2 ,38 - 


- 393,37 


266674.808 


10 


352 


69.7 


91 


Blend with lj CS and C 2 H 5 1J CN 


471 


40 3 ,38 - 


-393,37* 


266674.948 


10 


352 


164.4 


91 


Blend with 13 CS and C 2 H 5 13 CN 


473 


40 3 ,38 - 


- 39 2 ,37 


266675.181 


10 


352 


69.7 


91 


Blend with 13 CS and C 2 H 5 13 CN 


474 


15l3,2 - 


- 14l2,3* 


266949.479 


14 


174 


27.6 


91 


Blend with S0 2 and U-line 


476 


15l3,2 - 


- 14l2,2* 


266949.479 


14 


174 


1.6 


91 


Blend with S0 2 and U-line 


478 


385,33 - 


- 37532 


267143.852 


100 


344 


153.6 


91 


Strong NH 2 13 CHO, CH3CH3CO, and C 2 H 5 CN, v n =l/v 2 i = l 



Notes: " Numbering of the observed transitions associated with a modeled line stronger than 20 mK. * Transitions marked with a * are double with 
a frequency difference less than 0. 1 MHz. The quantum numbers of the second one are not shown. c Frequency uncertainty. d Lower energy level 
in temperature units (E[/k s ). e Calculated rms noise level in r mb scale. 
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M 





-0.1 



0.2 




Et'OCHb-a 1 E,=30 K 
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81.78 
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EL 
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A 


6 

S3 

t o 
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O n 

II 

c 
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-a 26 E,= 
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Sr 

2 


F 
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81. 05 



ai.oB 



84.1 




93.28 93.3 
Rest frequency (GHz) 
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-0.1 



0.4 
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88.02 
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Fig. 1. Transitions of the a«f/-conformer of ethyl formate (EtOCHO-a) detected with the IRAM 30 m telescope. Each panel consists 
of two plots and is labeled in black in the upper right corner. The lower plot shows in black the spectrum obtained toward Sgr B2(N) 
in main-beam brightness temperature scale (K), while the upper plot shows the spectrum toward Sgr B2(M). The rest frequency axis 
is labeled in GHz. The systemic velocities assumed for Sgr B2(N) and (M) are 64 and 62 km s~', respectively. The lines identified 
in the Sgr B2(N) spectrum are labeled in blue. The top red label indicates the EtOCHO-a transition centered in each plot (numbered 
like in Col. 1 of Table |3), along with the energy of its lower level in K (Ei/Icb). The other EtOCHO-a lines are labeled in blue 
only. The bottom red label is the feature number (see Col. 8 of Table [3). The green spectrum shows our LTE model containing all 
identified molecules, including EtOCHO-a. The LTE synthetic spectrum of EtOCHO-a alone is overlaid in red, and its opacity in 
dashed violet. All observed lines which have no counterpart in the green spectrum are still unidentified in Sgr B2(N). 
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Fig. 1. (continued) 




Fig. 1. (continued) 
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Table 9. Transitions of the anf/-conformerof n-propyl cyanide observed with the IRAM 30 m telescope toward Sgr B2(N). The hor- 
izontal lines mark discontinuities in the observed frequency coverage. Only the transitions associated with a modeled line stronger 
than 20 mK are listed. 



N" 


Transition* 


Frequency 


Unc. c 






cr'' 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


1 


18l,17 


- 17,, ,6 


80486.371 


5 


34 


232.1 


24 


Blend with C 2 H S CN, v l3 = \/v 2 i = l and U-line 


2 


19l,19 


— I81 is 


82778.264 


4 


37 


245.1 


17 


Blend with HC 3 N, v 5 = l/»j=3 and C 2 H 5 CN 


3 


19 !l9 


— 1 80, 18 


83487.658 


4 


36 


245.7 


17 


Blend with C 2 H 3 CN and U-line 


4 


19 2 ,18 


— I82 17 


83906.011 


5 


40 


243.1 


16 


Weak, blend with U-lines 


5 


19 6 j 4 


— 18513* 


84021.555 


4 


73 


221.3 


19 


Group detected, partial blend with C 2 H 5 CN 


7 


197 12 


-18741* 


84022.819 


5 


87 


212.5 


19 


Group detected, partial blend with C2H5CN 


9 


19 5 15 


— 185,4* 


84023.956 


4 


62 


228.8 


19 


Group detected, partial blend with C 2 H 5 CN 


11 


19g.il 


— 188,10* 


84026.382 


5 


102 


202.2 


19 


Group detected, partial blend with C2H5CN 


13 


19 9 ,io 


— 189,9* 


84031.619 


5 


120 


190.6 


19 


Blend with C 2 H 5 CN 


15 


19 4 ,16 


— 184,15 


84033.299 


4 


53 


234.9 


19 


Blend with C 2 H 5 CN 


16 


19 4 ,15 


— 184,14 


84033.712 


4 


53 


234.9 


19 


Blend with C 2 H 5 CN 


17 


19,0,9 


- 18,0,8* 


84038.206 


5 


139 


177.7 


19 


Blend with C 2 H 5 CN 


19 


19,1,8 


— 18,1,7* 


84045.967 


5 


161 


163.4 


19 


Blend with U-line 


21 


19 3 ,17 


- 1 83,1s 


84050.001 


4 


46 


239.7 


19 


Blend with CH3CH3CO 


22 


57354 


- 57 2 ,55* 


84073.432 


63 


358 


44.1 


19 


Blend with NH 2 CHO 


24 


19l4,5 


- I8144* 


84075.429 


7 


238 


112.4 


19 


Blend with NH 2 CHO 


26 


192 17 


— 182,16 


84408.080 


4 


40 


243.1 


19 


Blend with 34 SO 


27 


19l,l 8 


- 18l,17 


84940.688 


5 


38 


245.1 


22 


Blend with C 2 H 3 CN 


28 


20, 2 o 


-19ii, 


87121.605 


4 


41 


258.1 


16 


Blend with HN 13 C in absorption 


29 


40,,39 


-40i, 40 


87829.125 


82 


172 


0.8 


17 


Weak, partial blend with C 2 H 5 OCHO 


30 


20o,20 


- 19o,19 


87829.384 


5 


40 


258.6 


17 


Weak, partial blend with C 2 H 5 OCHO 


31 


20 2 ,19 


- 19 2 ,18 


88310.935 


5 


44 


256.2 


17 


Blend with H 13 CCCN, v 6 =l and CH3CH3CO 


32 


20 6 , 14 


- 196,13* 


88444.212 


5 


77 


235.5 


17 


Group detected, partial blend with CH3CH3CO, C 2 H 5 OH, and 
U-line? 


34 


20 7 ,i3 


- 19 7 ,12* 


88445.075 


5 


91 


227.0 


17 


Group detected, partial blend with CH3CH3CO, C 2 H 5 OH, and 
U-line? 


36 


20 5 , 16 


-19 5 ,15* 


88447.526 


5 


66 


242.6 


17 


Group detected, partial blend with CH3CH3CO, C 2 H 5 OH, and 
U-line? 


38 


20 8 , 12 


-19 8 ,,i* 


88448.528 


5 


106 


217.4 


17 


Group detected, partial blend with CH3CH3CO, C 2 H 5 OH, and 














U-line? 


40 


20,,!, 


- 19 9 ,io* 


88453.836 


5 


124 


206.4 


17 


Group detected, partial blend with C 2 H 5 13 CN, 13 CH 3 CH 2 CN, 
and CH 2 (OH)CHO 


42 


20 4 ,i7 


- 19 4 ,16 


88458.794 


5 


57 


248.4 


17 


Group detected, partial blend with C 2 H 5 13 CN, 13 CH 3 CH 2 CN, 
and CH 2 (OH)CHO 


43 


20 4 ,i6 


- 19 4 ,,5 


88459.387 


5 


57 


248.4 


17 


Group detected, partial blend with C 2 H 5 13 CN, 13 CH 3 CH 2 CN, 
and CH 2 (OH)CHO 


44 


20io,k 


, - 19,0,9* 


88460.625 


5 


143 


194.1 


17 


Group detected, partial blend with C 2 H 5 13 CN, 13 CH 3 CH 2 CN, 
and CH 2 (OH)CHO 


46 


20, 


-19,1,8* 


88468.687 


5 


165 


180.5 


17 


Weak 


48 


20 3 ,,8 


- 19 3 17 


88477.246 


5 


50 


252.9 


17 


Blend with HNCO, v 4 =l and C 2 H 5 CN 


49 


20,2,8 


- 19l2,7* 


88477.898 


6 


188 


165.6 


17 


Blend with HNCO, v 4 =l and C 2 H 5 CN 


51 


20 3 ,,7 


- 19 3 ,16 


88507.586 


5 


50 


252.9 


17 


Blend with C 2 H 5 CN, vi 3 = l/v 2l = l and H 13 CCCN, o 7 = l 


52 


20 2 ,,8 


- 19 2 ,17 


88890.385 


5 


45 


256.2 


21 


Blend with CH 2 (OH)CHO and U-line 


53 


20, ,9 


- 19l,18 


89391.938 


5 


42 


258.1 


16 


Detected, blend with CH3OCHO, v,=l 


54 


21l,21 


- 20i, 20 


91463.179 


5 


45 


271.1 


24 


Blend with HC 3 N, v 6 =v 7 = l and U-line 


55 


21 0,21 


— 20o,20 


92164.912 


5 


44 


271.6 


27 


Detected, blend with CH 3 13 CN, t) 8 = l and U-line? 


56 


212,20 


- 20 2 19 


92714.159 


5 


49 


269.2 


28 


Blend with CH3OCH3 and CH3CH3CO, v,=l 


57 


216,16 


- 20 6 15* 


92866.939 


5 


82 


249.5 


28 


Group detected, uncertain baseline 


59 


2I7 14 


-20 7 ,13* 


92867.332 


5 


95 


241.5 


28 


Group detected, uncertain baseline 


61 


21813 


- 208 12* 


92870.627 


5 


110 


232.2 


28 


Group detected, uncertain baseline 


63 


21 5 ,17 


- 205 16* 


92871.289 


5 


70 


256.3 


28 


Group detected, uncertain baseline 


65 


219,12 


-20 9 ,,i* 


92875.977 


5 


128 


221.8 


28 


Group detected, uncertain baseline 


67 


21,0,11 


- 20,o,,o* 


92882.945 


5 


147 


210.1 


28 


Blend with CH3OCHO 


69 


214,18 


-20 4 ,i7 


92884.684 


5 


61 


261.8 


28 


Blend with CH3OCHO 


70 


21 4 ,17 


- 20 4 ,,6 


92885.520 


5 


61 


261.8 


28 


Blend with CH3OCHO 


71 


21n,ic 


1 - 20,1,9* 


92891.291 


6 


169 


197.1 


28 


Noisy 


73 


21 12,9 


-20l2,8* 


92900.873 


6 


193 


183.0 


28 


Blend with U-line 


75 


21 3 ,19 


-20 3 ,,8 


92904.745 


5 


54 


266.1 


28 


Blend with CH3CH3CO, v,= \ and CH3CH3CO 


76 


21 3 ,18 


-20 3 ,17 


92943.421 


5 


54 


266.2 


28 


Blend with CH3OCHO 


77 


212,19 


-20 2 ,,8 


93376.934 


5 


49 


269.2 


22 


Detected 


78 


21 1,20 


-20 U9 


93839.887 


5 


46 


271.1 


24 


Blend with U-line 


79 


22 ,,22 


-21i, 2 , 


95802.965 


5 


49 


284.0 


23 


Blend with 13 CH 3 CH 2 CN and C 2 H 5 CN, y 13 = l/y 21 = l 


80 


22o,22 


- 21o,21 


96494.470 


5 


49 


284.5 


32 


Blend with CH3OH, v,=l and CH3CH3CO 



A. Belloche et al.: Detection and chemical modeling of ethyl formate and n-propyl cyanide in Sgr B2(N), Online Material p 21 



Table 9. continued. 



N" 


Transition 6 


Frequency 


Unc. c 


FIT — 

Ei 


F — 1 


cr e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


81 


222,21 - 


- 212,20 


97115.607 


5 


53 


282.3 


21 


Blend with U-line 


82 


22 7>15 ■ 


- 217,14 


97289.589 


5 


99 


255.8 


21 


Blend with C 2 H 3 CN and OCS 


84 


22 6 ,, 7 - 


- 216,16* 


97289.742 


5 


86 


263.5 


21 


Blend with C 2 H 3 CN and OCS 


86 


22g,i4 - 


-218,13* 


97292.679 


5 


115 


247.0 


21 


Blend with OCS 


88 


225_i8 - 


-21 5 ,17* 


97295.253 


5 


75 


269.9 


21 


Strong OCS 


90 


22943 - 


- 219,12* 


97298.036 


5 


132 


237.0 


21 


Strong OCS 


92 


22io,i2 


- 2 1 10,1 1 * 


97305.160 


5 


152 


225.8 


21 


Strong OCS 


94 


22 4 t g - 


- 21 4 ,18 


97310.983 


5 


66 


275.2 


21 


Blend with OCS and C 2 H 3 CN, v n = \ 


95 


22zi_i8 - 


- 21 4 ,17 


97312.143 


5 


66 


275.2 


21 


Blend with OCS and C 2 H 3 CN, t>n = l 


96 


22HJ1 


- 2 1 1 1,10 * 


97313.773 


6 


173 


213.5 


21 


Blend with OCS and C 2 H 3 CN, u n = l 


98 


22i2,io 


— 21l2,9 


97323.712 


6 


197 


199.9 


21 


Blend with CH3OCHO 


100 


223,20 - 


- 213,19 


97332.446 


5 


58 


279.4 


21 


Blend with U-line 


101 


22 13,9 - 


- 21i3,8* 


97334.877 


7 


223 


185.2 


21 


Blend with U-line and CH3OCHO 


103 


223,19 - 


- 213,18 


97381.167 


5 


58 


279.4 


20 


Blend with CH3CH3CO, v,=l, uncertain baseline 


104 


222,20 - 


- 212,19 


97867.394 


5 


53 


282.3 


20 


Detected, uncertain baseline 


105 


22i,2i - 


- 21 1,20 


98284.291 


5 


51 


284.0 


18 


Blend with CH3OCH3, CH3OCHO, and U-line 


106 


23i, 23 ■ 


- 22 1,22 


100140.951 


5 


54 


296.9 


14 


Blend with CH3OCHO, v t = l and HC 3 N, v 5 = l/v 7 =3 


107 


23o,23 - 


- 22 ,22 


100818.358 


5 


53 


297.4 


20 


Blend with CH 3 "CH 2 CN and U-line 


108 


10 4 ,6 - 


H 3 ,9 


101512.348 


5 


23 


1.2 


16 


■ _ j j ■ nil j ■ ..I /— itt /'II /~ f \ 1 

Detected, small blend with CH3CH3CO, v,= l 


109 


23 2,22 - 


- 222,21 


101515.201 


5 


58 


295.3 


16 


Detected, small blend with CH3CH3CO, v,= l 


110 


237,16 - 


- 22 7 ,i 5 * 


101711.846 


5 


104 


270.0 


16 


Group detected, partial blend with "CH 2 CHCN, uncertain 
baseline 


112 


236,18 - 


- 22 6 ,n* 


101712.624 


5 


91 


277.3 


16 


Group detected, partial blend with "CH 2 CHCN, uncertain 














baseline 


114 


23 8 ,15 - 


- 22s,i4* 


1 AIT! A S~ (* f\ 

101714.680 


5 


120 


261.5 


16 


Group detected, uncertain baseline 


116 


23s,i9 - 


- 225,18* 


101719.429 


5 


79 


283.5 


16 


Group detected, small blend with 13 CH 2 CHCN 


118 


239,14 - 


- 22 9 , 13 * 


101720.0H 


5 


137 


252.0 


16 


Group detected, small blend with 13 CH 2 CHCN 


120 


23io,i3 


- 22io,i2* 


101727.266 


5 


157 


241.3 


16 


Blend with CH3OCHO and U-line? 


122 


23n,i2 


- 22] in 


101736.128 


6 


178 


229.5 


16 


Blend with CH 3 OH 


124 


234,20 - 


- 224,19 


101737.702 


5 


70 


288.6 


16 


Blend with CH3OH 


125 


234,19 - 


- 224,18 


101739.288 


5 


70 


288.6 


16 


Blend with CH3OH 


126 


23i2,ii 


- 22i2,io* 


101746.410 


6 


202 


216.6 


16 


Blend with U-line and C2H5CN, v l3 = l/v 2 i = l 


128 


23i3,io 


- 22i3,9* 


101757.997 


7 


227 


202.5 


16 


Blend with U-line 


130 


233,21 - 


- 22 3 ,2o 


101760.286 


5 


63 


292.5 


16 


Blend with U-line 


131 


23 17,6 - 


- 22 17,5* 


101816.271 


10 


350 


135.0 


34 


Blend with CH3CH3CO, v,=l and v,=0, and U-line 


133 


233,20 - 


- 22 3>1 9 


101820.997 


5 


63 


292.5 


34 


Blend with CH3CH3CO, v, = l and v,=0, and U-line 


134 


253,22 - 


- 252,23 


102358.115 


5 


73 


13.4 


30 


Blend with U-line 


135 


232,21 - 


- 222,20 


102361.359 


5 


58 


295.3 


30 


Blend with U-line 


136 


23l,22 ■ 


- 22i, 2 i 


102724.897 


5 


55 


296.9 


37 


Noisy, baseline problem 


137 


24 lj24 ■ 


-23l,23 


104477.131 


5 


59 


309.9 


48 


Blend with U-line 


138 


24 ,24 - 


- 23o,23 


105136.938 


5 


58 


310.3 


28 


Blend with U-line 


139 


24 2j2 3 ■ 


- 232,22 


105912.868 


5 


63 


308.3 


43 


Blend with 13 CH 3 OH 


140 


24 7 ,i7 - 


- 237,16* 


106134.103 


5 


109 


284.1 


25 


Blend with NH 2 CHO 


142 


37 2 ,36 - 


- 37,37 


106135.161 


50 


148 


12.1 


25 


Blend with NH 2 CHO 


143 


24 6 ,,9 - 


- 236,18 


106135.587 


5 


96 


291.1 


25 


Blend with NH 2 CHO 


145 


24 8 ,,6 - 


" 238,15 1 


106136.628 


5 


124 


276.0 


25 


Blend with NH 2 CHO 


147 


24 9 ,i5 - 


- 239,14 


106141.897 


5 


142 


266.9 


25 


"n l 1 • 1 x tt t yiT i y "\ 

Blend with NH 2 CHO 


149 


24 5 ,2o - 


- 235,19* 


106143.824 


5 


84 


297.0 


25 


T1 1 1 ' . I "X TT T y~1T I/A 1 T T /"IX T "1 / 1 

Blend with NH 2 CHO and C2H5CN, Ui3 = l/U2i = l 


151 


24i ,i4 


- 23io,i3* 


106149.258 


5 


161 


256.6 


25 


T1 1 1 " . I /~1 T T T 1 / 1 

Blend with C 2 H 5 CN, ui3 = l/U2i = l 


153 


24„,i3 


- 23n,i2* 


1 C\f I^O ~> H f\ 

106158.350 


6 


183 


245.3 


25 


"11 1 1 ' . I f ~-\ x x f ' T T /~1 y A 1 T T /""• T T 1 ^ y™1 X T 

Blend with CH3CH3CO and C^CH 1 CN 


155 


24 4 ,2i - 


- 234,20 


106164.853 


5 


75 


301.9 


25 


Blend with CH 2 CH 13 CN and C 2 H 5 CN, «i 3 = l/y 2 i = l 


156 


24 4 ,2o - 


- 23 4 ,i9 


106166.991 


5 


75 


301.9 


25 


Blend with CH 2 CH 13 CN and C 2 H 5 CN, u 13 = l/y 2 i = 1 


157 


24 12 ,i2 


- 23i2,n* 


1 f\ /~ 1 y 1 

106168.961 


6 


207 


232.9 


25 


r>I I • . 1 /—1 x T *"1X T 1 / 1 

Blend with C 2 H 5 CN, ui3 = l/fJ2i = l 


159 


24i3,n 


- 23b,io* 


106180.959 


7 


232 


219.4 


25 


ni j ■ . 1 f "i tt r<M 1 / 1 

Blend with C2H5CN, ui3 = l/U2i = l 


161 


24 3 ,22 " 


-23 3 ,2i 


1 f\/" 100 1 i~n 

106188.197 


5 


68 


305.7 


25 


Detected, noisy 


162 


24i 4 ,io 


- 23 14,9 


106194.262 


7 


260 


204.8 


25 


ni j ■ i-i r<TT r<TT t~^f~\ 1 j tt i" 

Blend with CH3CH3CO, v,=\ and U-line 


1 fid 


24l 8 ,6 - 


-23i8,5* 


1 (Vi?SQ f\lf\ 




^01 

j7i 


1 Jj.o 




RlpnH with ''rH^rH^PNT 
Diciiu Willi ^113^112*"^' 


166 


24 3 ,2i - 


- 233,20 


106263.099 


5 


68 


305.6 


25 


Blend with 13 CH 3 CH 2 CN and U-line 


167 


24 2 ,22 - 


- 232,21 


106858.357 


5 


63 


308.4 


24 


Blend with U-line, C 2 H 5 OH, and CH3CH3CO, v,=\ 


168 


24i, 23 • 


- 23 1,22 


107161.444 


5 


60 


309.9 


24 


Blend with CH 3 OH and 13 CH 3 CN 


169 


25i, 25 - 


- 24,, 24 


108811.506 


5 


64 


322.9 


20 


Blend with 13 CN in absorption and C2H3CN 


170 


25o,25 - 


- 24 ,24 


109450.626 


5 


63 


323.2 


36 


Blend with HC3N, v 7 =l and OCS 


171 


784,74 - 


- 783,75 


109452.759 


321 


668 


59.9 


36 


Blend with HC3N, v 7 = l and OCS 


172 


252,24 - 


- 24 2 ,23 


110308.536 


5 


68 


321.3 


24 


Strong CH 3 13 CN 
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Table 9. continued. 



N" 


Transition" 


Frequency 


Unc. c 




F — 7 


0" 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


173 


25 7 , 18 - 


-24 7 , 17 * 


110556.359 


5 


114 


298.1 


32 


Blend with U-lines and CH3OCHO 


175 


25 8>17 - 


-24 8 ,i6* 


110558.521 


5 


130 


290.3 


32 


Blend with U-lines and CH3OCHO 


ill 


25(5,20 - 


-24 6 ,i9* 


1 1 Arm y y 

110558.636 


5 


101 


304.8 


32 


T1 1 1 " -_1 T T 1 ' 1 y T T /~\ Al T T /~\ 

Blend with U-lines and CH3OCHO 


179 


259_i6 - 


-24 9 ,15* 


1 1 f \ C y y f\f\ 

110563.690 


5 


147 


281.5 


32 


Blend with U-line 


181 


25 5 ,2i - 


-24 5 ,2o* 


1 1 y\ c y ( > irA 

110568.450 


5 


89 


310.5 


32 


Blend with CH3OCHO, u,=l 


183 


25 io,i5 


- 24io,i4* 


1 1 r\CT 1 1 o a. 

110571.130 


6 


167 


271.7 


32 


nl J " .-1 /'II AATTA 1 

Blend with CH3OCHO, v t = l 


185 


25 1 1,14 


-24 1U3 * 


1 1 ACOA /IT) 

110580.433 


6 


188 


260.8 


32 


Blend with CH3CH3CO and U-line, uncertain baseline 


i on 

187 


86 6 ,8o - 


- 85 7 ,79 


1 10581.350 


563 


826 


15.9 


32 


Blend with CH3CH3CO and U-line, uncertain baseline 


loo 


25l2,13 


-24 12 ,i2* 


1 m?oi 1 c7 
i it)39i.JD / 





zlz 


Z40.9 


51 


riiend with U-line, CH3 CJN, v$ = l, and HJNCU, «4=i 


190 


254,22 " 


- 24 4 ,2i 


1 1 Arm A A O 

1 10592.442 


5 


80 


315.2 


32 


nl J ' . 1 XT 1' /~1 T I IS/^XT 1 J I IM/" , /\ 1 

Blend with U-line, CH3 CN, vg = l, and HNLO, u 4 = l 


191 


283,26 " 


- 282,27 


1 1 at ai a r\r\ 

110593.409 


5 


90 


14.3 


32 


Blend with U-line, CH 3 CN, v$ = i, and HNCO, u 4 =l 


192 


254,21 " 


- 24 4 , 20 


110595.288 


5 


80 


315.1 


32 


Blend with CH 3 l3 CN, u 8 =l and HNCO, y 4 =l 


193 


46l, 45 - 


- 46l,46 


110603.457 


123 


227 


0.8 


32 


1 1 " . 1 y ~1 1 T /" ' X T 1 1 T T 1 ' 

Blend with CH 3 CN, u 8 =l and U-line 


194 


25l3,l2 


-24i3,n* 


110603.755 


7 


237 


236.0 


32 


Blend with CH 3 CN, « 8 =1 and U-line 


196 


253,23 - 


- 24 3 ,22 


110616.104 


5 


73 


318.8 


32 


Blend with CH 3 CN, « 8 =1 and CH 3 ' 3 CN, u 8 =l 


197 


25 14,11 


- 24i4,io* 


110617.532 


7 


265 


222.0 


32 


Blend with CH 3 CN, v s = l and CH 3 13 CN, v s = l 


199 


25i5,io 


-24i5, 9 * 


110632.625 


8 


295 


207.0 


32 


Blend with CH 3 13 CN, u 8 = l and CH 3 CN, « 8 =1 


201 


25 19,6 - 


-24,9,5* 


110705.543 


14 


434 


136.6 


32 


Strong CH 3 CN, y 8 =l 


203 


253,22 - 


-24 3 ,2, 


110707.662 


5 


73 


318.8 


32 


Strong CH 3 CN, u 8 =l 


204 


25 2,23 - 


- 24 2 ,22 


111357.863 


5 


68 


321.4 


35 


Noisy 


205 


25 1,24 - 


-24!,23 


111593.662 


5 


65 


322.9 


29 


Detected 


206 


26 1,26 - 


-25, ,25 


1 IOI A A A O A 

113144.084 


5 


69 


335.9 


40 


Strong CN in absorption 


207 


26 ,26 - 


- 25o,25 


113759.873 


5 


69 


336.1 


34 


Blend with CH3OCHO and U-hne 


208 


26 2 ,25 - 


- 252,24 


1 1 A 1A1 1 ■-> A 

114702.134 


5 


73 


334.4 


37 


T~» 1 1 ' . 1 /—I X T /" \ y ' T T 

Blend with CH3OCH3 


209 


267,19 - 


-25 7 ,,8* 


1 1 a r\^i r> y 1 r 

114978.615 


5 


119 


312.0 


59 


m 1 • . 1 *— 1 xt ri\T 'i 1 Matt att 

Blend with C 2 H 3 CN, Wn=3 and "CH3OH 


211 


26 8 ,i8 - 


- 25s,i7* 


114980.356 


5 


135 


304.5 


59 


Blend with C 2 H 3 CN, v u =3 and 13 CH 3 OH 


213 


266,21 - 


- 256,20* 


114981.774 


5 


106 


318.5 


59 


Blend with C 2 H 3 CN, i>n=3, 13 CH 3 OH, and C2H3CN, v n =3 


215 


269,17 - 


- 259,16* 


114985.387 


5 


152 


296.1 


59 


Blend with C 2 H 3 CN, v n =3 and CH3CH3CO 


217 


26io,i6 


- 25 10,15 * 


114992.878 


6 


172 


286.6 


59 


Blend with CH3CH3CO 


219 


265,22 - 


-255,21*^ 


114993.314 


5 


95 


323.9 


59 


Blend with CH3CH3CO 


221 


26n, i 5 


- 25i,,i4* 


115002.371 


6 


193 


276.2 


59 


Blend withC 2 H 5 CN, y 13 = l/y 21 = l and C 2 H 3 CN, u n = l 


223 


26l2,14 


- 25l2,13* 


115013.593 


6 


217 


264.7 


59 


Blend with C 2 H 5 CN, Ui 3 = l/U2i = l, CH 2 13 CHCN, and U-line 


225 


264,23 - 


- 254,22 


115020.476 


5 


85 


328.4 


59 


Blend with U-line 


226 


264,22 - 


- 254,21 


115024.221 


5 


85 


328.4 


59 


Blend with U-line 


227 


26i3,i3 


- 25i3,i2* 


115026.378 


7 


243 


252.3 


59 


Blend with U-line and C 2 H 5 OH 


229 


26i4,i2 


- 25 14,1,* 


1 15U4U.oiy 


8 


270 


238.9 


59 


Blend with U-line 


15 1 


263,24 - 


-25 3 ,23 




c 


/O 


"2 3 1 A 


£ A 


Blend with U-line 


151 


26i5,n 


- 25i5,io* 




Q 




"3AA 


01/1 A 
ZZ4.4 




DionH »iMtii T-T ' 3 yyy\i ., _i 
rsiena witn ri l,l,l,in, vy — 1 


234 


64 4 , 6 o - 


- 64 3 ,6i 


115150.722 


157 


453 


43.9 


59 


Blend with C2H3CN, CH3OCHO, v t =l, NS, and 














niT niT y^ y\ 1 

CH3CH3CO, «,=1 


235 


2620,6 - 


- 2520,5 * 


1 1 e 1 e a a a y 

H5154.006 


17 


479 


137.3 


59 


n1 1 ' . 1 yill AflTTA 1 \Tf 1 y I I ATT A A 1 

Blend with CH3OCHO, y t =l, NS, and CH3CH3CO, v t =l 


237 


263,23 - 


- 253,22 


1 if if < OOC 

115154.885 


5 


78 


331.9 


59 


Til J ' . 1 nTT AATTA 1 MO J ATT ATT A*"v 1 

Blend with CH3OCHO, w t =l, NS, and CH3CH3CO, v,=l 


238 


262,24 - 


- 252,23 


1 1 ff O ff A "> A A 

115859.309 


5 


73 


334.4 


79 


TT7" 1 11 1 " . 1 /AIT T /AT T\ 1 Al T T AT T 

Weak, blend with a(CH20H)2 and C2H5OH 


239 


3 3 2,32 - 


- 322,31 


145394.105 


5 


116 


425.3 


25 


Blend with U-line and NH 2 CH 2 CN 


240 


34 U 4 - 


- 33 1,33 


147742.893 


6 


118 


439.5 


31 


Partial blend with C 2 H 5 CN and CH 3 CN, u 8 =l, uncertain baseline 


241 


37g,29 - 


- 36s,28 


163616.044 


6 


207 


456.4 


38 


Blend with S0 2 


243 


379,28 - 


- 369,27 


163616.543 


6 


225 


450.4 


38 


Blend with S0 2 


245 


654,62 - 


- 65 3 ,63 


163620.536 


185 


464 


33.9 


38 


Blend with S0 2 


246 


37 10,27 


- 36l0,26* 


163622.456 


6 


244 


443.8 


38 


Blend with U-line, uncertain baseline 


248 


37 7 ,3i - 


- 36 7 ,3o* 


t y'O/'fll iff 

163623.355 


5 


192 


461.6 


38 


Blend with U-line, uncertain baseline 


250 


37i 1,26 


-36u,25* 


( ATA 

163632.454 


7 


266 


436.4 


38 


T1 1 1 " . 1 "X TT T AIT T A\T . • 1 1 ■ 

Blend with NH2CH2CN, uncertain baseline 


252 


376,32 - 


-36 6i3 i* 


1 C O C A O 1 Al 

163643.143 


5 


178 


466.1 


38 


Til J " .-1 »TTT ATT A\! 1 ' 1 V 

Blend with NITCH2CN, uncertain baseline 


l^A 
ZJ4 


37i2,25 


- 36l2,24* 




H 

1 


loy 


<4Z0. 5 


5o 


Blend with NH2CH2CN, uncertain baseline 


256 


37 13,24 


- 36l3,23 


1 ci am 1 cr\ 
loiool.oSU 


8 


315 


419.6 


38 


Blend with C2H5OCHO, uncertain baseline 


258 


37]4,23 


- 36l4,22* 


1 £Q£OA A Al 

1o3ooU.443 


8 


343 


410.2 


38 


Blend with (_2H5L.N, i'i3 = l/i'2i = l and HC CCN, u 7 = l 


260 


37 5 , 3 3 - 


- 365,32 


163684.984 


5 


167 


470.0 


38 


T~l 1 1 " aA T T Al 1 ^ Al A1X T 1 1 Al T T A\ T 

Blend with HC 1J CCN, y 7 =l and C 2 H 5 CN 


zoi 


37 5 ,32 - 


- 365,31 


1 A^AQA ^zl^ 
IOjOoO. J'fj 


-> 


1 fn 
ID / 


Am a 


JO 


Di pn ,i ,,/itr! trr ,1 3rT'KT _ i Qrir i c cwj 
Diena wiin rn_ l,u.in, ^7 — 1 ana ^,2^5^-^ 


262 


37 15,22 


-36l5,21* 


163701.318 


9 


373 


400.1 


38 


Blend with HC 13 CCN,!;7 = 1 


264 


37 3 ,35 - 


- 363,34 


163715.634 


5 


151 


475.5 


38 


Blend with CH3CH3CO, v,=l 


265 


37i6,21 


- 36[6,20* 


163724.332 


9 


404 


389.2 


38 


Blend with g-C 3 H 7 CN and U-line 


267 


399,30 - 


- 389,29* 


172456.851 


6 


241 


477.7 


44 


Strong C2H5CN and CH3OCHO, v t = l 


269 


39 8 ,3i - 


- 3 8 8,30* 


172457.861 


6 


223 


483.3 


44 


Strong C2H5CN and CH3OCHO, u t =l 


271 


39 10,29 


- 38io,28* 


172461.990 


7 


260 


471.4 


44 


Strong C2H5CN and CH3OCHO, v,=l 


273 


3 9 7 , 33 - 


- 387,32* 


172467.829 


6 


208 


488.4 


44 


Strong CH 3 OCHO, y t =l and C 2 H 3 CN 
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Table 9. continued. 



N" 


Transition 6 


Frequency 


Unc. c 


FIT — 

Ei 


F — 1 


cr e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


275 


39„, 28 


- 38,1,27* 


172471.720 


7 


282 


464.4 


44 


O , /"ITT AnTTA 1 1 /— 1 TT ri\T 

Strong CH3OCHO, v t =l and C 2 H 3 CN 


277 


39 12,27 


- 38,2,26 


1 n n ,i oc 11/" 

172485.1 16 


8 


305 


456.8 


44 


Blend with C 2 H 5 CN 


OTA 

2/9 


39 634 - 


- 3 86,33* 


1 /JAyZ.ZZj 




194 


492. / 


4 /i 

44 


ni„„,| ,, p 1 1 pxy 

Blend with L^rlsLJN 


28 i 


39 13 ,26 


- 38,3,25* 


1 /ZDUl.oUo 



8 


111 
331 


A AO Z 

448.3 


A A 

44 


ni„„,| ,, p it p"\T 1 /., 1 

Blend witn L.2H5L.IN, ^13 = 1/^21 — 1 


283 


522,50 - 


- 513,49 


172516.550 


77 


291 


14.0 


44 


r)i„..,i .li-i, p tt ptvt 1 / 1 . , . i /'"i 1 r\r , Tm 1 

Blend with C2H5CJN, l>i3 = 1/l>2[ = 1 and Ch^UCHU, u t =l 


284 


39 14 ,25 


- 38,4,24* 


172520.819 


8 


359 


439.6 


A A 

44 


r)i„..,i „ ',.1, 1 r\r , Tir\ i ttpI^ppxt 1 

Blend with CH3OCHU, y t =l, HI CtN, 1)7 = 1, 














1 TT/~l]'!/n/-1\T 1 

and HC CCN, v 6 = l 


286 


3 9 5 ,35 - 


- 385,34 


172542.025 


5 


183 


496.3 


44 


Blend with NH 2 CH 2 CN and HCC 13 CN, y 6 =l 


287 


39 15 ,24 


- 38,5,23* 


172542.509 


9 


388 


429.9 


44 


Blend with NH 2 CH 2 CN and HCC lJ CN, v 6 =l 


289 


39 5 , 34 - 


- 385,33 


172544.526 


5 


183 


496.3 


44 


Blend with HCC l3 CN, v 6 = l and HCC l3 CN, vj = l 


onn 

z9U 


39 3 ,37 - 


- 383,36 


1 7T^? 1 A AO 

1 11 3 3 1.409 


3 


1 A*7 
10 / 


1 A 

3Ul.o 


44 


Blend With rlL,L, ^6 — 1 and rlL-L. ^7 = 1 


291 


39 16 ,23 


- 38,6,22 


CAO 

1 / 2300. 308 


9 


420 


419.6 


44 


Blend with NH2^n2CN 


293 


39 17 ,22 


- 38,7,21* 


in?m -7aa 
1 /2392. /UO 


1 A 


AZA 

434 


41)8. / 


44 


Blend with L.H2(U I; 1)^ I; 1*-' an d U-hne 


295 


39,8,21 


- 38,8,20* 


1 71^1 1 aac 

172621.005 


1 1 
11 


A AA 

490 


397.1 


44 


Blend with NH2CH2CN, t-HLOOH, and U-line/ 


29/ 


39 4 , 36 - 


- 384,35 


1 /2O22.301 


3 


1 HA 
1 /4 


a An n 
499.2 


44 


ni„„,l „ ,; f i, MI I pu p\y TTPHniT „ „ tt 1 " ^ ■) 

Blend with JN^^^CJN, L-htUUH, and U-line: 


298 


39,9,20 


- 38,9,19* 


1 TliCC 1 1 a A 

172651.366 


1 i 

13 


528 


384.8 


/i 4 
44 


Blend with C2H5CN, 1)20= 1 and U-line 


300 


3920,19 


- 3820,18* 


1 /zooi. /4d 


1 a 


308 


371.8 


44 


strong ri CN in absorption and CH3OCHO 


302 


3 9 4 ,35 - 


- 384,34 


1 /Zdo4.j lo 


3 


1 HA 
1 /4 


A An T 

499.2 


44 


r.^,^ /r tt13pxt ; r.Kf,^..^-.*; „ „ ,1 ptj aptta 

strong ti L.JN in absorption and L.H3(JC,rl(J 


303 


46 2 ,45 - 


- 45 2 , 44 


202062.851 


7 


223 


593.9 


138 


r~\ 1 ■■ ' . 1 /"ill 1 ^/^\T 

Blend with CH 3 CN 


304 


46,, 45 - 


-45, ,44 


203271.058 


6 


222 


594.2 


161 


Strong H 1 CCCN, u 7 = l and C 2 H 3 CN, u u = l 


305 


46 9 ,37 - 


-45 9 ,36* 


203392.918 


7 


303 


572.3 


161 


Strong S0 2 and C 2 H 5 CN 


307 


46,0,36 


-45,0,35* 


203393.942 


8 


323 


567.0 


161 


Strong S0 2 and C 2 H 5 CN 


309 


468,39 - 


- 45 8 ,38* 


203401.192 


7 


286 


577.1 


161 


n, /~~~* TT /^"VT 1 /"ITT /- "\ T T 

Strong C 2 H 5 CN and CH3OCH3 


311 


46,1,35 


-45„,34* 


203401.696 


8 


344 


561.1 


161 


Strong C 2 H 5 CN and CH3OCH3 


313 


46,2,34 


- 45,2,33 


AAa AAA f /" 1 

203414.661 


9 


368 


554.6 


161 


Strong CH3OCH3 and 13 CH 2 CHCN 


315 


46 3 ,44 - 


- 45 3 ,43 


203419.779 


6 


229 


592.5 


161 


Blend with 13 CH 2 CHCN 


316 


46 7 , 40 - 


- 45 7 ,39* 


203423.393 


6 


270 


581.4 


161 


Blend with 13 CH 2 CHCN 


318 


46,3,33 


- 45,3,32* 


203431.894 


9 


393 


547.6 


161 


Blend with CH3CN, vg=2 


320 


46,4,32 


-45,4,31* 


203452.784 


9 


421 


540.0 


161 


Blend with CH3CN, v s =2 


322 


46 6 ,4i - 


- 456,40 


203468.489 


6 


257 


585.0 


161 


Blend with CH3CN, !) 8 =2 and CH3OCHO 


323 


46 6 ,4o - 


- 45 6 ,39 


aria A s O CO 

203468.859 


6 


257 


585.0 


161 


Blend with CH3CN, v g =2 and CH3OCHO 


324 


46,5,31 


- 45,5,30* 


203476.924 


9 


451 


531.9 


161 


rj 1 1 • . 1 /-il [ PPTTP J PTT PXT "> 

Blend with CH3OCHO and CH3CN, u 8 =2 


326 


46,6,30 


- 45,6,29* 


203504.034 


9 


483 


523.1 


161 


n i 1 • . 1 'XA x 1 /~it t / x t -\ 

Blend with *S0 2 and CH 3 CN, y 8 =2 


328 


46,7,29 


- 45,7,28* 


203533.921 


10 


517 


513.8 


161 


Blend with CH 3 CN, !) 8 =2 


330 


16 7 ,9 - 


17 6 ,,2* 


203535.308 


25 


70 


1.6 


161 


T ■■ ' . 1 /^t x /- X T -\ 1 /- x T / A /" T T / "\ 

Blend with CH3CN, U8=z and C9H5OCHO 


332 


46 5 ,42 - 


-45 5 ,4i 


203552.152 


6 


245 


588.1 


161 


Blend with CH3CN, u 8 =2 and H 13 CCCN, u 7 = l 


333 


46 5 ,4i - 


- 45 5 ,40 


203562.997 


6 


245 


588.2 


161 


Strong CH 3 CN, v%=2, CH3OCH3, and 13 CH 2 CHCN 


334 


46,8,28 


- 45,8,27* 


203566.446 


10 


552 


504.0 


161 


Strong CH 3 CN, v g =2, CH3OCH3, and 13 CH 2 CHCN 


1 1 A 

336 


46,9,27 


- 45,9,26 


oai a a t cn 

203601.513 


1 1 
1 1 


CAA 

590 


/1A1 A 

493.6 


1 A 1 

161 


Dl J /~*TT AATIA ^1 r"IT Z" 1 ! 1 /~^/~~\ 

Blend with CH 3 OCHO and CH3CH3CO 


338 


4620,26 


- 45 20,25* 


203639.052 


14 


630 


482.7 


161 


Blend with C 2 H 5 CN 


340 


46 4 ,43 - 


-45 4 ,42 


203653.642 


6 


236 


590.6 


161 


Blend with C 2 H 5 CN, C 2 H 5 OH, and U-line 


341 


4621,25 


-4521,24* 


203679.015 


17 


672 


471.1 


161 


Blend with CH3CN, u 8 =2 


343 


46 2 3,23 


- 45 23,22 


203766.086 


29 


762 


446.4 


364 


Blend with C 2 H 5 OCHO 


345 


47 M7 - 


- 46i,4<; 


203773.957 


14 


227 


607.7 


364 


Blend with 13 CH 2 CHCN 


346 


46 4 , 42 - 


- 45 4 ,4i 


203841.799 


6 


236 


590.6 


364 


Tfx | 1 ' , 1 TT PXT J r>TI AriTIA 

Blend with C 2 H 5 CN and LH3OCHO 


347 


47< W 7 - 


- 46 ,46 


203894.538 


14 


227 


607.7 


364 


Blend with U-line 


348 


46 2 ,44 - 


- 45 2 , 43 


205486.337 


8 


226 


594.0 


100 


Blend with CH3OCHO 


349 


41 2,40 - 


-40,,39 


205486.671 


20 


176 


17.7 


100 


Blend with CH3OCHO 


350 


47 2 , 46 - 


- 46 2 ,45 


206403.502 


7 


233 


606.8 


106 


Strong C 2 H 5 CN 


351 


47,, 46 - 


- 46,,45 


207565.934 


6 


232 


607.1 


282 


m 1 ■ , 1 <"i TT ATT J TT 1" O 

Blend with C 2 H5UH and U-line.' 


352 


47 9 ,38 - 


-469,37* 


207811.666 


7 


313 


585.8 


173 


TT* 1 1 ' -_1 1 ^ /™1 T T /~\ T T 1 f ^ T T /"I X T 

Blend with "CH 3 OH and C 2 H 5 CN 


354 


47,0,37 


-46,0,36* 


207811.909 


8 


332 


580.5 


173 


Blend with 13 CH 3 OH and C 2 H 5 CN 


356 


47,1,36 


-46,1,35* 


207819.239 


8 


354 


574.7 


173 


Blend with C 2 H 5 CN and C 2 H 5 OCHO 


358 


47 3 , 45 - 


- 463,44 


207820.872 


6 


239 


605.5 


173 


n 1 1 ' . 1 /- x T /- X T 1 T T / A / T T / "\ 

Blend with C 2 H 5 CN and C 2 H 5 OCHO 


359 


47 8 ,4o - 


-46 8 ,39* 


207821.249 


7 


295 


590.5 


173 


nl J ' . 1 /—I TT PXT ' TT A/^TTA J TT ATT 

Blend with C 2 H5CN, L 2 H50LHO, and C 2 H5UH 


361 


47,2,35 


-46,2,34* 


207832.034 


9 


378 


568.5 


173 


O 4- X T r<TT 13/^TT/^XT J TT PXT 

Strong NS, CH 2 CHCN, and C 2 H 5 CN 




47 7 , 4 , - 


-467,40*^ 


707845 nf)3 

ZU / Ot J . UU J 


7 
/ 


zou 


594 7 


1 73 

LID 




365 


47,3,34 


- 46,3,33 


207849.289 


9 


403 


561.6 


173 


Strong C 2 H 5 CN, u 13 =1/d 21 =1 


367 


47,4,33 


-46,4,32* 


207870.351 


9 


431 


554.2 


173 


Blend with C 2 H 5 OH, uncertain baseline 


369 


47 6 , 42 - 


- 46 6 ,4i 


207894.282 


6 


267 


598.2 


173 


Blend with C 2 H 5 OH and CH 2 13 CHCN 


370 


47 6 ,4i - 


-46 6 ,4o* 


207894.750 


6 


267 


598.2 


173 


Blend with C 2 H 5 OH and CH 2 ' 3 CHCN 


372 


47l5,33 


- 46,5,32 


207894.786 


10 


461 


546.2 


173 


Blend with C 2 H 5 OH and CH 2 ' 3 CHCN 


373 


47,6,31 


-46,6,30* 


207922.295 


10 


492 


537.6 


173 


Blend with C 2 H 3 CN, u 15 = l, C 2 H 5 13 CN, and CH3CH3CO, v,=i 


375 


47,7,30 


-46,7,29* 


207952.671 


10 


526 


528.5 


173 


Blend with C 2 H 5 CN and CH 2 13 CHCN 
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Table 9. continued. 



Jy 


Transition 6 


Frequency 


Unc. 


c, 


bp 


cr 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




( 1 1 

(1) 




(2) 


iv 


(A \ 

(4) 


/c\ 
(5) 


(6) 


(/) 


(8) 


inn 
ill 


157,8 - 


16 6 ,n* 


omocc Hr\i 
lOlyjj. /U3 


OC 

25 


66 


1 A 

1.4 


1 15 


Blend with C2H5UN and Crt 2 LHCJN 


379 


47 5 , 43 - 


- 46 5 ,42 


207983.470 


6 


255 


601.2 


173 


Blend with C 2 H 5 OH and CH 2 ' 3 CHCN 


380 


47 18,29 


-46l8,28* 


207985.767 


10 


C*CO 

562 


518.9 


173 


r)l,...,| TT r\TT . . , I /"• I I l^/~>TT/~ , lvT 

Blend with C2H5UH and CH2 CHCJN 


Ton 

3o2 


47 5 , 42 - 


-46 5 , 41 


omori^ coo 
2U/y96.5o2 





occ 

255 


601.2 


1 HI 

1 15 


blend with L^risdN, C^risUH, and LH2LH CJN 


383 


47i9,28 


-46l9,27* 


OAOAO 1 A no 

208021.4/5 


1 1 

1 1 


600 


cno "7 

508.7 


173 


Blend with CH2 CHCJSI 


385 


4720,27 


-46 20 ,26* 


ononcn Ton 

208059.729 


1 A 

14 


640 


498.0 


173 


r)l,...,| „ ,'tL TT P\I 

Blend with C2H5CN 


387 


48i, 48 - 


-47 M7 


208076.61 1 


16 


236 


/in s 

620.6 


173 


Blend with C2H5CN and CH3CH3CO 


388 


47 4 ,44 - 


-464,43 


208085.930 


6 


246 


603.7 


173 


Blend with CH3CH3CO and CH2CH CN 


389 


47 2 1,26 


-46 21 , 25 * 


208100.469 


17 


682 


486.7 


173 


ni J " .-1 r<TT /~1T T 1 3 /"^"M /~1 TT r<M 1 / 1 

Blend with CH 2 CH CN, C 2 H 5 CN, t),3 = l/U2i-l 5 
andCH 2 l3 CHCN 


391 


48o,48 - 


- 47 ,47 


208185.442 


16 


236 


620.6 


173 


Blend with C 2 H 5 OH and CH 2 l3 CHCN 


392 


47 23 ,24 


-46 2 3,23* 


208189.277 


29 


771 


462.5 


173 


Blend with C 2 H 5 OH and CH 2 l3 CHCN 


394 


4725,22 


-4625,21* 


208287.742 


46 


869 


436.0 


168 


Blend withC 2 H 5 OH 


396 


47 4 , 43 - 


- 46 4 ,42 


208302.740 


7 


246 


603.7 


168 


Blend with C 2 H 5 CN 


397 


47 3 ,44 - 


- 463,43 


209390.960 


9 


239 


605.7 


58 


Blend with C 2 H 5 OH and C 2 H 3 CN, !), 5 = 1 


398 


47 2 ,45 - 


- 462,44 


209918.318 


9 


235 


607.0 


45 


Strong l3 CH 3 CH 2 CN, C 2 H 5 OH, and CH3OCHO 


399 


48 2 ,47 - 


- 47 2 , 46 


210741.480 


50 


243 


619.6 


37 


Blend with C 2 H 3 CN, w n =3 and C 2 H 5 CN, y 13 = l/y 21 = l, 
uncertain baseline 


400 


48i, 47 - 


-47i,46 


211856.190 


50 


242 


620.1 


47 


Blend with U-line 


401 


48 3 ,46 - 


-47 3 , 45 


212219.540 


50 


249 


618.5 


36 


Blend with C2H5CN, u 2 o=l 


402 


48 10,38 


- 47 10,37* 


212229.670 


50 


342 


594.1 


36 


Strong C 2 H 5 CN, v 2 q=1 and NH 2 CHO 


404 


489,39 - 


- 479,38* 


212230.190 


50 


323 


599.2 


36 


Strong C2H5CN, t) 20 =l and NH 2 CHO 


406 


48n,37 


-47„,36* 


212236.507 


9 


364 


588.4 


36 


C-\ , /"^ TT n\T 1 1 X TT T /'IT I/\ 

Strong C 2 H 5 CN, t) 20 =l and NH 2 CHO 


408 


488,40 - 


- 47 8 ,39* 


212241.200 


50 


305 


603.8 


36 


Strong NH 2 CHO 


410 


48 12,36 


-47 12 ,35* 


212249.060 


50 


388 


582.2 


36 


Strong NH 2 CHO and NH 2 CHO, u, 2 =l 


412 


48l3,35 


-47 13 ,34* 


212266.320 


50 


413 


575.5 


36 


Strong C2H5OH, NH 2 13 CHO, and NH 2 CHO 


414 


48 7 ,4i - 


-47 7 , 40 * 


212267.790 


50 


290 


607.8 


36 


Strong C2H5OH, NH 2 13 CHO, and NH 2 CHO 


416 


48 14,34 


-47 14,33* 


212287.590 


50 


441 


568.2 


36 


Blend with C2H5CN, vn = ilV2i-\ and v=0, and U-hne 


418 


48l5,33 


-47l5,32* 


1 1 'I c\f\ 

212312.290 


50 


471 


560.4 


36 


O . /~1 TT /n\T 1 J MIT /"l 1 1 S"\ 

Strong C2H3CN, ui 1 = 1 and NH 2 CHO 


420 


48 6 , 43 - 


- 47 6 , 42 


212320.280 


50 


276 


611.3 


36 


O i TT /~1\T 1 J MIT mirv 

Strong C 2 H 3 CN, u,, = l and NH 2 CHO 


421 


48 6 ,42 - 


-47 6 ,4i 


212320.770 


50 


276 


611.3 


36 


O i TT AXT 1 J \TTT /"l 1 1 S"\ 

Strong C2H3CN, u,, = l and NH 2 CHO 


422 


48i6,32 


-47i6,31* 


r\ t r\ ~t a r\ 1 r\r\ 

212340.190 


50 


502 


552.0 


36 


O . /—I TT rixi 

Strong C 2 H 3 CN 


424 


48n,3l 


- 47n,30 


212371.060 


50 


536 


543.1 


36 


TTl 1 1 • . 1 "KTTT 1 ^ s"' T I /- "\ I , • I 1* 

Blend with NH 2 CHO, fi2=l, uncertain baseline 


426 


147,7 - 


156,10* 


212375.891 


25 


63 


1.2 


36 


Til J ' . 1 "KTTT lo*/~1TT/~V 1 1- 1 1" 

Blend with NH 2 CHO, i>i2=l, uncertain baseline 


428 


49i,49 - 


-48, , 4 8 


212378.480 


50 


246 


633.5 


36 


Blend with NH 2 13 CHO, y 12 =l, uncertain baseline 


429 


48l8,30 


- 47 18,29* 


212404.720 


50 


572 


533.7 


36 


Strong NH 2 CHO, u,2=l and H 13 CCCN, u 7 = l 


431 


48 5 ,44 - 


-475,43 


212415.060 


50 


265 


614.2 


36 


Blend with NH 2 CHO 


432 


48 5 ,43 - 


-47 5 ,42 


212430.890 


50 


265 


614.3 


36 


O *. X TT T f ' T T A 

Strong NH 2 CHO 


433 


48i9,29 


- 47(9,28* 


212441.110 


50 


610 


523.7 


99 


Til J ' . 1 "KTTT PTTA J r<TT Ar<TTA 

Blend with NH 2 CHO and CH3OCHO 


435 


49 ,49 - 


- 48o,48 


2124/6.620 


50 


O A 

246 


633.6 


99 


r)l,...,| .li-l, TT /"il I . , . 1 /~iTT / \/'"' I I \ 

Blend with C2H5OH and CH3UCHU 


436 


4820,28 


- 4720,27 * 


212480.030 


50 


650 


513.3 


99 


D 1 J ' , 1 1 3piTT r,TT 1 J ATT /-iii/-v 

Blend with CH3OH, v,=l and CH3CHO 


438 


48 4 , 45 - 


-47 4 ,44 


212517.790 


50 


256 


616.8 


99 


1 1 ' . 1 f-\ T T /^\ T 1 T T /"AT T . ■ 1 -1 ■ 

Blend with C 2 H 5 CN and C2H5OH, uncertain baseline 


439 


4821,27 


-4721,26* 


r-\ | ~\ r~ ~\ 1 A f\f\ 

212521.490 


50 


692 


502.1 


99 


TOj 1 1 ' . 1 f ~1 t T T 1 T T /~\T T . 1 -1 ■ 

Blend with C2H5CN and C2H5OH, uncertain baseline 


441 


4826,22 


-47 26 ,2i* 


212766.3 74 


57 


931 


438.8 


99 


1 1 " -_1 1 ^ f ' T T "\ T T 1 f ' T T XT . • 1 1 ■ 

Blend with "CH 3 OH and C 2 H 5 CN, uncertain baseline 


443 


48 4 , 44 - 


-47 4 ,43 


212766.640 


50 


256 


616.7 


99 


Blend with 13 CH 3 OH and C 2 H 5 CN, uncertain baseline 


444 


483,45 - 


-47 3 ,44 


213912.029 


10 


249 


618.6 


48 


Blend with 13 CH 3 OH 


445 


48 2 ,46 - 


-47 2 , 4 5 


214343.680 


50 


245 


619.9 


75 


Strong 13 CH 3 CN and C 2 H 5 13 CN 


446 


49 2 ,48 - 


-48 2 ,47 


215077.170 


50 


253 


632.6 


74 


Strong C2H5CN 


447 


49i,48 - 


-48, , 47 


216142.273 


8 


252 


632.9 


55 


Blend with OCS and U-line 


448 


493,47 - 


-48 3 ,46 


216615.615 


6 


259 


631.5 


55 


Blend with CH3COOH and CH3CHO 


449 


49io,39 


- 48,0,38* 


216647.130 


8 


352 


607.5 


55 


Strong S0 2 and C 2 H 5 OH 


451 


499,40 - 


- 489,39* 


216648.604 


8 


333 


612.6 


55 


Strong S0 2 and C 2 H 5 OH 


453 


49 H ,38 


- 48,1,37* 


216653.496 


9 


374 


602.0 


55 


Strong S0 2 and C 2 H 5 OH 


455 


49 8 ,42 - 


-48 8 ,41* 


216661.026 


7 


315 


617.0 


55 


Strong S0 2 and C 2 H 5 OH 


457 


49i2,37 


"48,2,36* 


216665.865 


9 


398 


596.0 


55 


Strong S0 2 and C 2 H 5 OH 


459 


50i,5o - 


-49i, 49 


216679.385 


20 


257 


646.5 


55 


Blend with H 2 S 


4oU 


49i3,36 


- 48,3,35* 




1 n 
tu 


AH1 

415 


con -2 


cc 

55 


Bienu witn H20 


462 


49 7 ,43 - 


-48 7 ,42* 


216690.012 


7 


300 


621.0 


55 


Strong H 2 S 


464 


49i4,35 


- 48,4,34* 


216704.448 


10 


451 


582.2 


55 


Strong H 2 S 


466 


49l5,34 


"48,5,33* 


216729.429 


10 


481 


574.6 


50 


Strong H 2 S and C 2 H 5 CN, u 13 =l/(j 21 =l 


468 


49 6 , 44 - 


-48 6 , 43 


216746.358 


7 


287 


624.5 


50 


Strong C 2 H 5 CN 


469 


49 M3 - 


-48 6 ,42 


216747.094 


7 


287 


624.5 


50 


Strong C 2 H 5 CN 


470 


49 16 ,33 


- 48,6,32* 


216757.710 


50 


513 


566.3 


50 


Strong C 2 H 5 CN 


472 


50o,5o - 


-49 ,49 


216767.700 


50 


256 


646.5 


50 


Blend with C 2 H 5 CN and U-line 
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Table 9. continued. 



N" 


Transition" 


Frequency 


Unc. c 


F77 — 

Ei 


1 


cr e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


473 


49 17 , 3: 


- 48n,3i 


216789.070 


50 


546 


557.7 


50 


Blend with CH3CH3CO, u,=l 


475 


137,6 " 


- 14 6 ,9* 


216795.931 


26 


59 


1.0 


50 


Blend with CH3CH3CO, v, = l 


All 


49 18i3 


- 48 18,30* 


216823.235 


10 


582 


548.3 


50 


Strong CH3OCHO 


479 


49 5 ,45 


-48 5 ,44 


216847.000 


7 


275 


627.3 


50 


Strong C2H5CN, Di3=l/u 2 i = l 


480 


49i9,3( 


- 48l9, 2 9 


216860.211 


1 1 


620 


538.7 


50 


Blend with C 2 H 5 CN, u 1 3 = 1 /f 2 1 = 1 and U-line 


A Q1 

45Z 


49 5 ,44 


-48 5 , 43 


9 1 AOAC. AO /I 

ZlOouJ.yz4 


n 

1 


Z /J 


AT7 A 
Oil A 


en 

JU 


iHena with C 2 hi5L.rN, 1)13 = l/f 2 i = i ana U-line 


483 


49 20 ,2? 


- 48 2 o, 2 8 


T|/nnn 11-7/, 

216899.870 


50 


660 


528.3 


50 


Blend with U-line 




49 2 i,2s 


- 48 2 i_ 2 7* 


Z1074Z. 1M-Z 


1 7 


7fl9 
/UZ 


S17 s 


JU 


ouong 111 1 v 71 1 


487 


49 4 ,46 


- 48 4 ,45 


9 1 6Q4Q two 


50 


266 


629.7 


50 




488 


42 10 , 3: 


-43 9 ,35* 


216956 684 


77 


284 


6.3 


50 


Strong CH3OH 




49 4 ,45 


- 484,44 




7 


zuu 


69Q P, 


■so 


oLIUIlg V.I 1 V. . 1 N 


4y 1 


45 2 ,44 


- 44i, 43 


9 1 7^ 1 1 A7^ 

Zl / J 1 1 .0 / J 


9^ 

ZJ 


Zl J 


9 1 1 
Zl. 1 


JU 


Blend with ^CN in absorption and U-line 


492 


50J.50 


- 49 ,49 


217^12 ^20 


22 


256 


41.1 


50 


RlpnH with ^r^N in flhsnmlrnn finrl TT-linp 

UlvllU W1L11 VjII 111 LIU jyjl IJ\.1KJLI ClllLl VJ llllV^ 




50 2 , 4 9 


- 49 2 , 48 


9 1 QA] ft 998 


1U 


ZO J 


04 J. / 


Q9 


Ct rnn(T T-Tr\, M iw— ti —1 
ouong rlv^IN, Vfr—uq — L 


AQA 
4y4 


6s, 2 - 


54,1* 


ZlbOu;>. lyy 


1 1 
1 1 


9fl 
ZU 


A A 
4.4 


Q9 

yz 


otrong L. u 




50 M9 


-49!, 48 


990A9A 7^0 


Q 
O 


969 
zoz 


04 J. 7 


70 


Strnntr fH, 

auong v,ri3 ^.in 


497 


514.47 


- 504_46 


226177.852 


9 


287 


655.8 


278 


Noisy 


498 


513,48 


- 50 3 ,47 


227473.842 


14 


281 


657.7 


85 


Blend with CH 2 CH 1:i CN and C 2 H 5 OCHO, uncertain baseline 


499 


51 2 ,49 


-50 2 ,48 


^nnn 011 

2275/7.81 1 


1 1 


211 


658.7 


85 


fli /-IIT 1 T/"\ J /—I TT r\TT 

Strong CH 3 OCHO and C2H 5 OH 


JlXJ 


29 3 , 27 


- 28 2 , 2 6 


III joU. 141 


y 


yi 


"7 A 
/.6 


nc 

OJ 


strong UH3UL.HU and ^rlsUH 


501 


53 2 _5 2 


- 52 2 ,5i 


232395.004 


14 


one 

295 


AO /I C 

684.5 


1 A 

19 


Blend with C2H5OH 


502 


9 5 ,5- 


84,4 


OIOOI 1 OCA 

232831.850 


1 1 
1 1 


/i 
z4 


A A 

4.9 


1 A 

19 


ni, , 1 . "(-i, z^tt r'TT /^r\ 1 . . . 1 tt 1 : „ 

Blend with CH3CH3CO, v, = l and U-hne 


504 


62 6 _57 


- 62 5-58 


OIOOI A TIO 

232836.738 


00 
28 


A At\ 

441) 


IO A 

32.6 


1 A 

19 


Blend with CH3CH3CO, v, = l and U-line 


505 


446,3, 


- 44 5 ,4o 


235131.269 


9 


236 


22.2 


131 


Pi r ^ tt r\TT 

Strong C 2 H5 0H 


506 


534,49 


- 52 4i48 


235136.432 


1 1 


309 


681.8 


131 


n. „ , , „ , . /—i tt /-itt 

Strong C2H5UH 


507 


39 63 3 


- 39 5 ,34 


235437.401 


9 


191 


19.4 


131 


TTl T 1 " a.1 1 3 T T /"\ T T T 

Blend with CH3OH, v,=i 


508 


386,32 


- 385,33 


235489.643 


9 


183 


18.9 


131 


Blend with CH3CH3CO and HC 13 CCN 


509 


37 6 _3i 


- 37 5 , 32 


235537.303 


9 


175 


18.4 


131 


Strong HCC 13 CN 


510 


37 6 , 32 


- 37 5> 33 


235543.778 


9 


175 


18.4 


131 


Strong HCC 13 CN and CH3CH3CO 


511 


36 6 _3o 


- 365,3 1 


235580.671 


9 


167 


17.8 


131 


Blend with C 2 H 3 CN, uncertain baseline 


512 


36 6 _3i 


- 36 5 , 32 


^Tf f Of j-- 1 

235585.618 


9 


167 


17.8 


131 


TTl 1 1 ' . I f ~\ T T /1\ T . • 1 1 ■ 

Blend with C2H3CN, uncertain baseline 


513 


356,29 


- 355,30 


235620.022 


9 


159 


17.3 


131 


T~* 1 1 • . 1 f -\ t T /" ' X T 1 / i 

Blend with C2H5CN, ui3 = l/U2i = l 


514 


356,30 


- 355,31 


235623.773 


9 


159 


17.3 


131 


Tt 1 J ■ . I /—1 TT f 'TiT 1 / 1 

Blend with C2H5CN, ui3 = l/U2i = l 


515 


34„, 28 


- 34 5 , 2 9 


235655.616 


9 


152 


16.7 


131 


Blend with C 2 H 5 CN, ui3 = l/u2i = l, HC I3 CCN, jj 5 = l/f;7=3, 
and C 2 H3LN, ui i = l 


516 


34 6 , 2 9 


- 34 5 ,3o 


235658.436 


9 


152 


16.7 


131 


Blend with C 2 H 5 CN, u 1 3 = l /y 2 1 = l , HC I3 CCN, v s = 1/vt=3, 
and C 2 H 3 CN, v u = l 


517 


336,27 


- 33 5 ,2 8 


235687.700 


10 


145 


16.2 


131 


Blend with HCC l3 CN, d 5 = 1/u 7 =3, uncertain baseline 


518 




- 335,29 


235689.803 


10 


145 


16.2 


131 


Blend with HCC l3 CN, v 5 = l/v 1 =3, uncertain baseline 


519 


326,26 


- 32 5 ,27 


235716.510 


10 


138 


15.7 


131 


Blend with CH3OCH3 


520 


32e, 2 7 


- 32 5 ,2 8 


235718.063 


10 


138 


15.7 


131 


Blend with CH3OCH3 


521 


316,25 


- 315,26 


235742.268 


10 


131 


15.1 


131 


Blend with U-line in absorption or baseline problem? 


522 


316,26 


- 315,27 


235743.404 


10 


131 


15.1 


131 


Blend with U-line in absorption or baseline problem? 


523 


306,24 


- 30 5 ,25 


235765.188 


10 


124 


14.6 


131 


Blend with U-line in absorption or baseline problem? 


524 


30 6>25 


- 30 5 ,26 


235766.010 


10 


124 


14.6 


131 


Blend with U-line in absorption or baseline problem? 


525 


29 6 , 23 


-29 5 ,24 


235785.473 


10 


118 


14.1 


131 


Blend with CH3OCH3 and l3 CH 3 CH 2 CN 


526 


29 6>24 


-29 5 ,25 


235786.062 


10 


118 


14.1 


131 


Blend with CH3OCH3 and l3 CH 3 CH 2 CN 


527 


286,22 


- 285,23 


235803.318 


11 


112 


13.6 


131 


Blend with CH3CH3CO, v, = l 


528 


28e, 2 3 


- 285,24 


235803.734 


11 


112 


13.6 


131 


Blend with CH3CH3CO, v, = l 


529 


27 6 , 21 


-27 5 ,22 


235818.908 


11 


106 


13.0 


131 


Blend with CH3CHO, uncertain baseline 


530 


276, 22 


-27 5 ,23 


235819.199 


1 1 


106 


13.0 


131 


Blend with CH3CHO, uncertain baseline 


531 


26 6 _ 20 


- 265,21 


235832.420 


1 1 


100 


12.5 


131 


Blend with CH3OCHO 


532 


26 6 ,2i 


- 265,22 


235832.620 


11 


100 


12.5 


131 


Blend with CH3OCHO 


533 


256,19 


- 255,20 


235844.025 


1 1 


95 


12.0 


131 


O-. /"ITT /-\/*™1TT/-\ 

Strong CH3OCHO 


534 


256, 2 o 


-25 5 ,2i 


23jo44. lol 


1 1 


95 


12.0 


131 


Strong CH3OCHO 


c i c 

535 


24 6 ,i8 


-24 5 ,i9* 


235853.884 


12 


OA 

89 


1 1 A 

11.4 


111 
131 


Blend with CH3OCHO 


537 


236,17 


- 23 5 ,18* 


235862 152 


12 


84 


10.9 


131 


Stron? CHoOrHO and C^HtCN ij„-1/ii„ -1 


539 


226,16 


- 225,17 


235868.978 


12 


79 


10.4 


131 


Strong CH3OCHO and C 2 H 5 CN, u 13 =l/u 21 = l 


541 


21 6 ,15 


-21J.16* 


235874.503 


13 


75 


9.9 


131 


Strong 13 CH 3 OH, CH3OCHO, and HC 13 CCN, v 6 = i 


543 


66,0 - 


65,1* 


235877.922 


15 


30 


0.9 


131 


Strong 13 CH 3 OH, CH3OCHO, and HC' 3 CCN, v 6 = i 


545 


20 6 ,i4 


-205,15* 


235878.862 


13 


70 


9.3 


131 


Strong 13 CH 3 OH, CH3OCHO, and HC 13 CCN, v 6 = i 


547 


7 6 ,i- 


75,2* 


235879.246 


15 


32 


1.7 


131 


Strong 13 CH 3 OH, CH3OCHO, and HC 13 CCN, v 6 = i 


549 


§6,2 - 


85,3* 


235880.638 


15 


33 


2.4 


131 


Strong 13 CH 3 OH, CH3OCHO, and HC 13 CCN, v 6 =l 


551 


9 6 ,3" 


95,4* 


235882.048 


15 


35 


3.1 


131 


Strong 13 CH 3 OH, CH3OCHO, and HC 13 CCN, v 6 =l 
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Table 9. continued. 



TV 


Transition" 


Frequency 


Unc. 


17 A 

E\ 




cr 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




1 1 A 




(2) 


cx\ 
\?) 


IA\ 


(.->) 


(6) 


(1) 


t°j 


JJJ 


196,13 " 


- 19 5 ,14* 


ZjjOoZ. IoZ 


1 3 
1 J 


00 


8 8 
0.0 


1 1 1 
1 J 1 


otrong ^113^11, v_ri 3 ljv^iilj, ana riv^ v^v^in, t^6— i 


JJJ 


10 6 ,4 " 


10 5 ,5* 


Zjjooj.4Zj 


1 c 
1 J 


T7 

J / 


^ 9 
J. / 


Ijl 


Ctmnrr ^ HU ('^11 Tf \ OT1/ l TT^ 13 r^r^M —1 

otrong L.H3LJII, L.ii3ijdnj, and hl llw, d^-i 


S57 

j j / 


186,12 " 


- 185,13 


z.jJOOt.JO / 


13 


62 


8.2 


131 


Strnncr l3 rH,flH rHifirHfl and HP 13 rrN ik — 1 

OLIOllld V,. I 1 , V.^ I 1 , V I 1 , V 7 V. I 1 v.^ , dllU I IV.. V^V^1> , t/6 — 1 


j jy 


lle,5 - 


115,6* 


9^SR5iZL 7H9 
ZjJ004, /UZ 


1 j 


AC\ 
4U 


4. J 


1 ji 


oirong ^£13^11, ^ri3Wv^riw, anti riK^ v^i^i>, t^g — i 


561 


12 6 ,6 - 


12 5 ,7* 


2^,5885 SI S 

z,JJOOJ .OlO 


15 


42 


4.9 


131 


Strnncr 13 rH,OH rHoOPHO and HP 13 rrN ik-1 


JOJ 


176,11 - 


- 17 5 ,12 


9^SRR6 1Q1 


1 A 


S8 

Jo 


7 7 


1 ^ 1 
1 ji 


oirong v. 1 1. v. 1 1 ; 1 1 w. dnu 1 1^ i 


565 


13 6 , 7 - 


13 5 ,8* 


235886 698 

z-_i \j uuu.vjy u 


14 


45 


5.5 


131 


Strong 13 TH^OH TH^OrHO and HC 13 rrN 


^67 

JO / 


166,10 - 


- 165,11* 


1 C\A 

Zjjoo / . 1U4 


1 A 
14 


JJ 


7 9 
/ .z 


1 j 1 


oirong v. 1 1 ; v ^ 1 1 . v_.ri3UL.riu, ana t il i^.v_i>, ^6—1 


joy 


14 6 , 8 - 


14 5 ,9* 


Zjjoo / .ZOj 


1 A 
14 


A 8 
4<5 


6 1 
0. 1 


1 ji 


otrong L,rl3Url, V^n3UL.rl(J, ana rlL. L.L.IN, ^6—1 


j / 1 


156,9 - 


155,10* 


9^8527 A1Q 


1 A 
If 


^ 1 

J 1 


6 6 
O.O 


1 ji 


oirong v. i l. v. 1 1 ; w l 1 1 w . ana i la ,n, t/g— i 


TIT, 

J / J 


532,51 - 


- 52 2 ,5o 


ZJUJUJ. / H-U 


1 3 
1 J 


9QQ 


684 6 

U04.U 


j / 


ct rnno rH^rR'VN 


^9/1 

J /4 


53 3-5 o - 


- 523,49 


ZjOjU/. 04 


1 8 

15 


jUj 


OOJ.O 


^29 
J / 


otrong rlL-3iN 


^7^ 

J / J 


54 3 , 51 - 


- 533,50 


9A1 090 1AA 


9n 
zu 


^ 1 zl 
J 14 


6Q6 6 
OVO.O 


9 1 6 
Z10 


ct mn(t r 1 ^ 4 ? 
otrong o 


j ;o 


552,54 - 


- 54 2 ,53 


O/l 1 A/in AAQ 

Z41U4U.UUj 


19 


318 


Tina 


Z16 


otrong L,2rl3L,JN, fn =z ana L.rl3(Jrl 


577 


554,51 - 


- 54 4 , 50 


't A A 1 1 f\ t 1 O 

244110.418 


14 


332 


707.8 


46 


Blend with LH3CH3CO, v,=l, L2H3CN, Vu = \, and U-hne 


578 


5 5 2,53 - 


- 54 2 , 52 


24j 118.648 


14 


322 


710.4 


72 


r> 1 . „ , 1 . . • .1, /ITT \TTI 

Blend with CJrl2JN14 


579 


562,55 - 


- 55 2 ,5 4 


245359.219 


21 


329 


723.3 


72 


Strong CH3CH2CN 


580 


553,52 - 


-54 3 ,5i 


245530.359 


22 


326 


709.6 


72 


Strong HCC 13 CN, u 7 = l and 13 CH 3 CH2CN 


581 


58l,57 - 


- 57 2>5 6 


247309.555 


23 


353 


33.7 


68 


Blend with C 2 H 3 CN, di 5 = 1 


582 


563,54 - 


- 55 3 ,53 


247311.322 


10 


336 


722.3 


68 


Blend with C 2 H 3 CN, di 5 = 1 


583 


57 10,47 


- 56l0,46* 


251977.746 


9 


442 


714.8 


42 


Strong CH3OH 


585 


57 11,46 


- 56n,45* 


251978.622 


9 


463 


709.9 


42 


Strong CH3OH 


587 


57 12,45 


- 56l 2 ,44* 


251988.044 


9 


487 


704.7 


42 


Strong CH3OH 


589 


579.49 - 


- 569,48* 


251988.316 


8 


422 


719.0 


42 


Strong CH3OH 


591 


57 13,44 


- 56i3,43* 


252004.207 


10 


512 


699.1 


42 


Strong C2H5CN 


593 


57g,5o ^ 


- 56s,49 


252015.263 


9 


405 


722.9 


42 


Strong C2H5CN and 13 CH 2 CO 


595 


57[4,43 


- 56i4,4 2 * 


252025.947 


10 


540 


692.9 


42 


Strong C2H5CN, ui3=1/d 21 = 1 


597 


57 15,42 


- 56i5,4l* 


252052.483 


11 


570 


686.4 


42 


Blend with CH 3 13 CH 2 CN and U-line 


599 


57 7 ,5i - 


- 567,50 


252067.511 


9 


389 


726.4 


42 


Blend with t-HCOOH 


600 


577,50 - 


- 567,49 


252067.645 


9 


389 


726.4 


42 


Blend with t-HCOOH 


601 


57(6,41 


- 56i6,40* 


252083.278 


11 


602 


679.4 


42 


Strong t-HCOOH and CH 3 OH 


603 


57 17,40 


- 56[7,39 


252117.956 


11 


636 


671.9 


42 


Blend with C 2 H 5 CN, v n = \jv 2 \ = \ and CH 2 (OH)CHO 


605 


57 18,39 


- 56]8,38 


252156.248 


12 


671 


664.0 


42 


Strong C 2 H 5 CN, y 13 = l/(j 21 = l 


607 


576,52 - 


- 566,51 


252161.456 


10 


376 


729.2 


42 


Strong C2H5CN, y 13 = l/(j 21 = l 


608 


57 6 ,5i - 


- 566,50 


252165.248 


10 


376 


729.2 


42 


Strong C2H5CN, y 13 = 1/« 21 = 1 


6no 


59i,5 8 - 


- 582,57 


9^9 1 8^/1 
ZjZiyj.oj4 


93 

Zj 


JOJ 


Q/1 8 

j4.o 


/19 
4Z 


otrong L.2ii5^i^? ^13 — 1/^21 — 1 


61 fl 
01U 


57 19,38 


- 56]9,37* 


9S9 1 Q7 Q6f) 
zjziy / .you 


1 9 
1 z 


7DQ 


6SS 6 

OJ J.O 


49 
fz 


Qtrniiir T T4 Chi 7t — 1/n —1 
oirong v_2H5*— IN? V\3 — 1/^21 — 1 


61 9 

01Z 


5720,37 


- 5620,36* 


9^99/19 1 

zjzz4z.yj 1 


1 /I 
14 


9/1 Q 
/4y 


6/16 9 
646. / 


/19 
4Z 


i; , ( • 1 I / ' \ , I I'll (Hi 

otrong l,2H5L,in ana un 3 tjll 


614 


5721,36 


- 5621,35* 


252291 1 18 


17 


791 


637.4 


42 


Blend with U-line and rHiCHoCO 1 


61 6 


57 5 ,53 - 


- 56 5 , 52 


9^9^*1 o 7zin 

ZjZj lU.Z^U 


1 1 
1 1 


^6^ 
JOJ 


7^1 8 
/ Jl.O 


/19 
4Z 


oiena witn 1_.ri3L.ri3L.vj, v r — 1 ana L.ri3L.ri2L.i>i, uncertain 














L' LL l? \^ 1 ± 1 


61 7 

1 / 


574,54 - 


- 564,53 


9S9^67 77A 

ZJZJU I . I 1 \J 


1 1 
1 1 


JJJ 


7^ 8 

/ J J.O 


49 


oLIOllg V .. I l iVJV 1 1 1 ill 1 U V I 1 1 V y I 1 


618 


57 5 ,52 - 


- 565,5) 


252380 765 


11 


365 


731.8 


42 


Blend with ^rH^CHoCN 

U IWllLi. W li.ll V 1 11 V 1 19 V_.i. 1 


619 


582,57 - 


- 57 2>5 6 


253991 392 


28 


353 


749.1 


32 


RlenH with NS anH CT-T^OT-T in ahsorntinn 

Yj YKjiiW W 1L11 1 1 v_> cLllLi V I X ^ V/1 X 111 CI t/jul l_/ll Wll 


69n 
ozu 


59!,59 - 


- 58l,58 


Zjjjjj.4oU 


^6 
JO 


1 ^8 
J JO 


769 Q 
/6Z.V 


9 1 7 

Zl / 


Ct mn(t I3PTT I 

otrong LI 1 ; v J 1 1 


69 1 

ozi 


59 ,59 - 


- 58o,58 


Zjjjoo.j /U 


^6 
JO 


Q^Q 
JJO 


9£9 8 
/6Z.8 


9 1 9 

Zl / 


otrong Uto, L.rl2 L.rlL.IN, ana L,rl2L.rl LlN 


622 


582,56 - 


- 57 2 ,55 


1 c\r\ nn 

Zj819U.9zz 


1 £ 

16 


358 


749.2 


1127 


otrong L,rl3CJN, fs-l ana C2H3L.JN, U[5=l 


6Zj 


59 2 , 58 - 


- 582,57 


ICOlfl/l AH ^ 

Zj5j(J4.4/j 


3z 


JOJ 


/6Z.1 


1 1 

112/ 


olena with L.rl3L.JN, Us = l 


624 


59l,58 - 


- 58l,57 


2588/7.691 


30 


365 


762.2 


1609 


Noisy 


69 S 
OZJ 


583,55 - 


- 57 3> 5 4 


9SQO^ZL 094 
Zj*7Uj'4.UZ'4 


JU 


^69 
JOZ 


7zt8 A 
1 fo.4 


1 60Q 
IOU7 


otrong Li 1 ana 11 1 2 l 1 1 l. 1 > 


oZo 


593,57 - 


- 583,56 


ZoU4ZZ.4Uj 


1 j 


J /Z 


H£ 1 Q 
/61.J 


413 


C 1 ,» .'II / \/' • I I /" \ J . ~" I I p\T 

otrong L,rl3L)CrlL) ana L,2rl5L,JN 


627 


60!,59 - 


-59,,58 


263146.854 


35 


377 


775.1 


74 


Blend with l j CH 3 CH 2 CN, baseline problem 


698 
OZo 


59 3 ,56 - 


- 583,55 


96^S9S 388 
ZOj JZJ. Joo 


34 

J4 


^74 

J /4 


761 S 
/Ol.j 


74 
/f 


oirong v. 1 1 : v 1I3 


629 


165,12 - 


- 154,11 


263780.394 


11 


42 


6.3 


108 


Strong HC 3 N and CH 3 OH, v,= l 


630 


165,11 - 


- 154,12 


263780.579 


11 


42 


6.3 


108 


Strong HC 3 N and CH3OH, u,= l 


631 


61 1,61 - 


- 60 i,6o 


263943.020 


70 


382 


788.7 


108 


Blend with C 2 H 5 CN and CH 3 CH 3 CO 


632 


61o,6i - 


- 60o,6o 


263969.205 


70 


382 


788.7 


108 


Blend withHC 3 N, ( j 5 = l/y 7 =3, C 2 H 5 CN, y 20 =l, and CH 3 13 CH 2 CN 


633 


76,l-6 5 ,2* 


266831.913 


15 


30 


5.4 


91 


Strong CH3OCHO, CH, 13 CHCN, and CH 3 OH 


635 


60 2 ,58 - 


-59 2 57 


266865.326 


17 


383 


775.0 


91 


Strong CH 3 OH, v,=\ 


636 


612,60 - 


- 60 2 ,59 


266924.955 


41 


390 


787.9 


91 


Blend with CH 3 OCHO, C 2 H 5 CN, C 2 H 3 CN, S0 2 , and U-line 



Notes: " Numbering of the observed transitions associated with a modeled line stronger than 20 mK. b Transitions marked with a * are double with 
a frequency difference less than 0. 1 MHz. The quantum numbers of the second one are not shown. c Frequency uncertainty. d Lower energy level 
in temperature units (Ei/k B ). e Calculated rms noise level in T mb scale. 
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Table 10. Transitions of the gauche-conform&c of n-propyl cyanide observed with the IRAM 30 m telescope toward Sgr B2(N). 
The horizontal lines mark discontinuities in the observed frequency coverage. Only the transitions associated with a modeled line 
stronger than 20 mK are listed. 



N" 


Transition" 


Frequency 


Unc. c 




sy 




Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


1 


17 9 , 9 - 


- 169,8* 


101965.911 


6 


199 


262.1 


34 


Blend with U-line 


3 




- 16g, 9 * 


102048.097 


6 


193 


283.5 


34 


Blend with NH 2 CHO,(;i2=l 


5 


29 2 | 2 7 


- 29^28 


102048.362 


6 


253 


66.0 


34 


Blend with NH 2 CHO, o 12 =l 


6 


34s ™ 


- 34i 11 

J ^3,31 


102175.037 


5 


308 


17.0 


30 


Blend with C2H5CN, d 13 =1/d 21 = 1, 13 CH 2 CHCN, and 














CH3OCHO, v t =l 


7 


17-7,1 

1 ' 7,1 1 


A 07,10 


102176.110 


6 


188 


302.4 


30 


Blend with C 2 H 5 CN, vi 3 =l/v 2 i = l, 13 CH 2 CHCN, and 

CH3OCHO, Vt=l 


8 


17 

A '7,10 


107,9 


102176.872 


6 


188 


302.3 


30 


Blend with C2H5CN, u 13 =1/d 21 = 1, 13 CH 2 CHCN, and 














CH3OCHO, v t =l 


9 


19n iq 


1 


104811.610 


6 


179 


403.9 


25 


Blend with C 2 H 5 CN, [) 13 =l/i) 21 = l and C 2 H 5 OH 


10 


20s 19 


- 207 n 


104813.646 


6 


210 


89.8 


25 


Blend with C 2 H 5 OH, C 2 H 3 CN, y,, = l, CH 3 13 CH 2 CN, and 

C2H5CN, 1)13 = 1/021 = 1 


11 


1 ® 10,8 


1 7 * 

1 ' 10,7 


107933.825 


6 


210 


266.5 


46 


Blend with CH3CH3CO, v,=l, C 2 H 5 CN, y B =l/u 2 i = l, and U-line 


13 


1 89,10 


- 17qq* 

1 ' 9,9 


107999.345 


6 


204 


289.1 


46 


Blend with U-line 


15 


1 8s, 1 1 


1 7 * 

1 '8,10 


108098.501 


6 


198 


309.4 


48 


Blend with U-line 


17 


1 87,12 


-177 11 


108252.103 


6 


193 


327.2 


48 


Blend with U-line 


18 


1 87,1 1 


1^7,10 


108253.743 


6 


193 


327.2 


48 


Blend with U-line 


19 


1 84,15 


1^4, 14 


108520.203 


7 


182 


365.9 


20 


Blend with C 2 H 5 OH 


20 


1 82,16 


- 177 15 


108793.066 


7 


179 


375.5 


20 


Blend with 13 CN in absorption and C 2 H 5 CN, 1)13 = 1/1)21 = 1 


21 


A:7 2,18 


— I82J7 


108827.746 


7 


182 


399.0 


20 


Blend with 13 CN in absorption and U-line? 


22 


19, is 

L 7 1,10 


— 18l[7 


109039.231 


7 


182 


399.0 


29 


Blend with C 2 H 3 CN and U-line? 


23 


20, in 


1 "1,19 


110209.409 


6 


184 


425.4 


24 


Blend with 13 CO and HC 3 N, d5 = 1/d 7 =3 


24 


20o,20 


- 19a ,n 


110214.195 


6 


184 


425.4 


24 


Blend with 13 CO and HC 3 N, d 5 = 1/u 7 =3 


25 


i0 4,14 


17, ,^ 
1 '4,13 


111109.974 


6 


182 


366.9 


25 


Blend with U-line 


26 


183,15 


- 17^ .„ 

1 '3,14 


112088.070 


7 


181 


375.2 


42 


Blend with U-line 


27 


l"3,17 


~ I83J6 


112370.034 


7 


185 


394.3 


42 


Blend with CH3CH3CO and CH3OCH3 


28 




1 Ol5,3 


113832.488 


7 


258 


153.3 


34 


Blend with C 2 H 3 CN and U-line 


30 


19,^ 

i;7 16,3 


— 18l6,2 


113833.361 


7 


268 


118.4 


34 


Blend with C 2 H 3 CN and U-line 


32 


i - 7 12,7 


— 18 12,6 


113872.326 


6 


230 


244.6 


34 


Blend with C 2 H 5 OH and U-line 


34 


19,, s 

17 11,$ 


— 18l 1,7 


113907.356 


6 


223 


270.5 


34 


Strong C2H3CN 


36 


19, n ir 

A -'lU,H 


10 * 
1 10 10,9 


113960.196 


6 


216 


294.2 


33 


Blend with C 2 H 3 CN 


38 


19q , , 

1 ^9,1 1 


— 189,]0 


114038.886 


6 


209 


315.7 


33 


Blend with U-line 


40 


19? 17 


I8246 


114077.162 


7 


184 


396.3 


33 


Blend with C 2 H 3 CN, o, 5 = l and U-line 


41 


19s 1? 


1 8g,i 1 


114157.197 


6 


203 


334.8 


33 


Blend with U-line 


42 


19s , , 


— 18g,io 


114157.321 


6 


203 


334.8 


33 


Blend with U-line 


43 


20 2 ,i9 


- 192,18 


114255.098 


6 


187 


420.4 


33 


Blend with C 2 H 3 CN, u„ = l 


44 


197 n 


187,12 


114339.524 


6 


198 


351.7 


33 


Blend with C 2 H 3 CN, o n = l and NH 2 CHO 


45 


20, 10 

^"1,19 


- 19l 18 

A ^ l,lo 


114399.053 


6 


187 


420.3 


33 


Blend with C 2 H 5 CN, « 13 =l/i) 21 = l and U-line? 


46 


19 4 ,16 


— 184,15 


114451.328 


7 


187 


388.1 


37 


Blend with C 2 H 3 CN, « 11 = l/i) 15 = l and c-C 2 H 4 


47 


19 6 ,14 


— 186,13 


114615.647 


6 


194 


366.3 


37 


Strong H 13 CCCN and C 2 H 3 CN 


48 


19 6 ,13 


— 1 86 12 


114676.990 


6 


194 


366.4 


37 


Blend with H 13 CCCN, v s = l/ Vl =3 and U-line 


49 


20 2 ,i9 


- 19 U8 


114679.259 


7 


187 


130.0 


37 


Blend with H 13 CCCN, d 5 = 1/i; 7 =3 and U-line 


50 


19, '1, 




114881.716 


6 


190 


378.6 


59 


Blend with C 2 H 3 CN, d„=3 and CH 2 (OH)CHO 


51 


19 5 ,14 


— 185,13 


115556.072 


6 


190 


378.7 


60 


Blend with C 2 H 3 CN, NS, and CH3OCHO, o,=l 


52 


21o,21 


- 20i,2o 


115609.125 


6 


189 


174.8 


79 


Blend with CH 2 NH and U-line? 


53 


21l,21 


- 20i, 20 


115613.838 


6 


189 


446.8 


79 


Blend with CH 2 NH and CH3CHO 


54 


21o,21 


— 20o,2o 


115616.804 


6 


189 


446.8 


79 


Blend with CH 2 NH and CH3CHO 


55 


24 520 


— 23s, 19 


145147.268 


6 


221 


491.0 


25 


Strong C2H3CN 


56 


25 3 ,23 


- 24 3 ^2 


145354.256 


6 


221 


522.8 


25 


Blend with HC 3 N, y 4 =l 


57 


24 6 , 19 


~ 23(;,i8 


145359.467 


6 


224 


481.8 


25 


Blend with HC 3 N, u 4 =l 


58 


264,23 


— 254,22 


154516.394 


5 


232 


540.1 


112 


Blend with NH 2 CH 2 CN and C 2 H 5 CN, v n =\lv 2 i = \ 


59 


277,21 


- 267,20 


163471.366 


5 


250 


539.4 


38 


Blend with HCC 13 CN, v 7 = l and NH 2 CH 2 CN 


60 


12 7 , 6 - 


-116,5 


163626.490 


12 


164 


62.4 


38 


Blend with a-C 3 H 7 CN and U-line 


61 


12 7 , 5 - 


-116,6 


163626.670 


12 


164 


62.4 


38 


Blend with a-C 3 H 7 CN and U-line 


62 


276,22 


- 266,21 


163729.422 


5 


246 


549.4 


38 


Blend with a-C 3 H 7 CN and U-line 


63 


283,25 


- 27 3 _24 


166501.674 


5 


247 


583.3 


66 


Blend with C 2 H 5 CN, o 13 =l/u 21 = l and CH 3 CN, « 8 =2 


64 


303,28 


- 29 2 ,27 


172509.803 


5 


258 


186.7 


44 


Strong C2H5CN, 0,3 = 1/021 = 1 


65 


24i 3 ,u 


-24,2,12* 


176027.815 


8 


268 


88.7 


365 


Blend with HNCO, « 5 =1 and 13 CH 2 CO 


67 


23i3,ic 


,-23,2,„* 


176085.591 


8 


261 


82.2 


365 


Blend with CH3OCH3 


69 


22,3,9 


- 22,2,10* 


176134.711 


8 


254 


75.7 


365 


Blend with HNCO, u 6 =l and HNCO, o 5 = l 


71 


37o,37 


-36l, 36 * 


201966.900 


11 


309 


321.5 


138 


Blend with CH 3 CN 


73 


37o,37 


- 3 6 ,36* 


201966.902 


11 


309 


789.3 


138 


Blend with CH 3 CN 


75 


335,29 


- 32 4 _28 


201985.474 


6 


293 


131.9 


138 


Blend with CH 3 OH 
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Table 10. continued. 



N" 


Transition" 


Frequency 


Unc. c 


FIT — 

Ei 


F — 1 


cr e 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


76 


34 5 ,30 - 


- 335,29 


202090.888 


6 


303 


707.1 


138 


Strong CH 2 CO 


77 


56 3 _5 3 - 


-563,54* 


202474.090 


224 


572 


15.7 


108 


Blend with U-line and H 2 CS 


79 


56 4>53 - 


-563,54* 


202474.109 


224 


572 


100.1 


108 


Blend with U-line and H 2 CS 


81 


41 15,26 


-41 14,27* 


202477.934 


26 


447 


185.2 


108 


Blend with U-line and H 2 CS 


83 


40 15 ,25 


-40l4,26* 


202689.659 


25 


435 


178.9 


108 


Blend with C 2 H 3 CN, v l5 = l and NH 2 CHO 


85 


3 37,26 " 


-32 7 ,25 


202881.421 


5 


302 


675.4 


138 


Blend with C2H3CN, Vn = l 


86 


39 15 ,24 


- 39 14,25* 


202883.694 


24 


423 


172.6 


138 


Blend with C 2 H 3 CN, v\\ = \ 


88 


3815,23 


- 38i4,24* 


203061.073 


23 


412 


166.3 


138 


Til 1 • . 1 HnTT /nii r,\i 1 1* i tt rvnurv 

Blend with 13 CH 3 CH 2 CN and C2H5OCHO 


90 


34 4 ,3o - 


- 334,29 


203180.785 


6 


303 


707.8 


138 


Blend with C2H3CN, v n =2 


91 


37i5,22 


- 37 14,23* 


203222.780 


23 


401 


160.0 


138 


Blend with 34 S0 2 


93 


35332 - 


- 34 4 ,3i 


203290.077 


6 


308 


195.3 


161 


Blend with C2H5OCHO, CH3CN, u 8 =2, and U-line 


94 


36l5,21 


- 36l4,22* 


203369.755 


22 


390 


153.7 


161 


Strong CH3OCH3 


96 


35432 - 


- 34 4 ,3i 


203466.519 


6 


308 


732.0 


161 


Blend with CH3CN, v s =2 and CH3OCHO 


97 


3515,20 


- 35 14,21* 


203502.897 


22 


380 


147.5 


161 


Blend with 34 S0 2 


99 


35332 - 


- 34 3 , 31 


203552.465 


6 


308 


732.0 


161 


Blend with CH 3 CN, u g =2 and H 13 CCCN, u 7 = l 


100 


34i5,19 


- 34i4,20 


203623.068 


22 


370 


141.2 


161 


Blend with CH3OCH3 


102 


35432 - 


- 34 3 ,3i 


203728.907 


6 


308 


195.4 


364 


Blend with C 2 H 5 CN, y 13 = l/u 2 i = l and U-lme 


103 


3315J8 


- 33i4,i9* 


203731.092 


21 


360 


135.0 


364 


nl J ' i-l f 1 TT /7\T 1 / 1 J TT 1* 

Blend with C2H5CN, Ui3 = l/U2i = l and U-hne 


105 


3420,14 


- 3 3 20,13* 


203795.929 


10 


429 


476.3 


364 


Strong C2H3CN 


107 


34 2U3 


- 3321,12* 


203796.393 


10 


443 


450.5 


364 


strong C2H3CJN 


109 


34 22 ,12 


- 3322,11* 


203805.898 


1 1 


457 


423.4 


364 


Strong C2H3CN 


111 


34i 9 ,i5 


- 33 19,14* 


203805.992 


10 


416 


500.8 


364 


Strong C2H3CN 


113 


3423,11 


- 3 323,10* 


203823.272 


12 


473 


395.0 


364 


Blend with C 2 H 3 CN, 13 CH 3 CH 2 CN, and C2H5CN 


115 


32i 5j i7 


- 32[4,i8* 


203827.761 


21 


351 


128.7 


364 


Blend with C2H3CN, 13 CH 3 CH 2 CN, and C2H5CN 


117 


34l 8 ,l6 


- 33l8,15* 


203828.503 


10 


403 


524.2 


364 


Blend with C 2 H 3 CN, 13 CH 3 CH 2 CN, and C2H5CN 


119 


14 9 ,6 - 


13 8 ,5* ^ 


203835.897 


12 


180 


80.1 


364 


Blend with C 2 H 3 CN, 13 CH 3 CH 2 CN, and C 2 H 5 CN 


121 


3424,10 


— 3324,9 


203847.587 


14 


488 


365.4 


364 


Blend with CH3OCHO and C 2 H 5 OH 


123 


65 14,52 


- 64i5,49 


203856.381 


379 


809 


80.4 


364 


Blend with C 2 H 5 OH and CH3OCHO 


124 


34i 7 ,i7 


- 33n,l6* 


203865.981 


10 


392 


546.2 


364 


Blend with CH3OCHO 


126 


34 2 5,9 - 


- 3 325,8 * 


203878.090 


15 


505 


334.5 


364 


Blend with CH3CH3CO and U-line 


128 


3 1 15,16 


— 31 14,17 * 


203913.834 


21 


342 


122.4 


364 


Strong C2H5CN, U| 3 =l/u2i=l 


130 


34 26 ,8 - 


- 3326,7* 


203914.173 


17 


522 


302.4 


364 


Strong C2H5CN, W| 3 =l/ti2i = l 


132 


34i6,i8 


- 33l6,17* 


203921.785 


10 


380 


567.0 


364 


Strong C2H5CN, di3 = 1/m 2 i = 1 


134 


34 27 ,7 - 


- 3 3 2 7,6* 


203955.332 


20 


540 


269.0 


364 


Blend with U-line 


136 


3 3 5 , 28 - 


- 32 5 ,27 t 


203957.407 


6 


296 


687.9 


364 


Blend with U-line 


137 


30i5,15 


- 30i4,i6* 


imnnn r\Af\ 

203990.040 


20 


333 


1 16.1 


364 


Blend with C 2 H 5 CN and C 2 H 3 CN, u n =3 


139 


34l5,19 


- 33l5,l8* 


f\f\ A f\f\f\ /I AO 

204000.498 


9 


370 


586.5 


364 


Strong C2H3CN, ui 1 =3 and C2H3CN, vn-2 


141 


34 28 ,6 - 


- 3 3 2 8,5* 


OA A Afi 1 1 CI 


22 


558 


234.3 


364 


strong C2H3CJN, fa =3 an d ^2W3CJN, V\\=l 


143 


34 29 ,5 - 


- 33 2 9,4* 


204051.281 


26 


577 


198.4 


364 


Til J " .-1 T T 1 3 /"^/"^/"^"M O J TT 1* 

Blend with H CCCN, d 7 =2 and U-lme 


145 


29l5,14 


-29l4,15* 


204057.079 


20 


324 


109.7 


364 


Blend with H"CCCN, vj=2 and U-hne 


147 


64 6 ,58 - 


- 64 6 , 59 


204063.746 


316 


734 


27.7 


364 


Blend with H"CCCN, u 7 =2 and U-hne 


148 


64 6 ,58 - 


- 64 5 ,59 


204064.065 


316 


734 


201.8 


364 


Blend with H 13 CCCN, Vj=2 and U-line 


149 


34 3 0,4 - 


- 33303* 


204105.426 


30 


597 


161.3 


316 


Blend with U-line 


151 


34h,20 


- 33i4,i9* 


204108.522 


9 


360 


604.7 


316 


Blend with U-line 


153 


28l5,l3 


- 28l4,l4* 


204115.622 


20 


316 


103.3 


316 


Blend with U-line 


155 


34 3 1,3 - 


- 3331,2* 


204163.336 


36 


618 


122.8 


316 


Strong CH3OCH3, C 2 H 3 CN, [>n = l, and 13 CH 2 CHCN 


157 


27i5,i 2 


- 27[4,i3* 


204166.316 


20 


308 


96.9 


316 


Strong CH3OCH3, C2H3CN, un=l, and 13 CH 2 CHCN 


159 


22fi,i7 - 


- 21s,16 


204205.122 


12 


208 


60.2 


316 


Blend with CH3CH3CO and U-line 


160 


26i5,n 


- 26l4,l2* 


204209.781 


20 


300 


90.4 


316 


Blend with CH3CH3CO and U-line 


162 


25i5,io 


- 25 14,11* 


204246.611 


20 


292 


83.8 


316 


Strong S0 2 


164 


34i3,22 


- 33 13,21 * 


204255.076 


8 


351 


621.9 


316 


Strong S0 2 


166 


24l5,9 - 


- 24i4,io* 


204277.378 


20 


285 


77.2 


316 


Blend with CH3CH3CO and U-line 


168 


52i,5i - 


- 52o,52* 


204278.834 


248 


495 


33.4 


316 


Blend with CH3CH3CO and U-line 


170 


52 2 ,5i - 


-52i,52* 


204278.834 


248 


495 


33.4 


316 


Blend with CH3CH3CO and U-line 


172 


23i5,8 - 


- 23 14,9 


204302.630 


20 


278 


70.4 


316 


Strong C2H5CN 


174 


22i5j - 


- 22i4,s* 


204322.890 


20 


272 


63.5 


316 


Blend with C 2 H 5 CN and U-line 


1 /O 


21 15,6- 


- 21l4,7* 


2U4j jo.OOZ 


OA 

ZU 


203 


JO. J 


JlO 


Blend with C2H5CJN, tJi3 = 1/1^21 = 1 an d U-line 


178 


20l5,5 - 


-20l4,6* 


204350.423 


21 


259 


49.3 


316 


Blend with CH3CH3CO, v,=\ 


180 


19l5,4 - 


- 19,4,5* 


204358.632 


21 


253 


41.9 


316 


Blend with CH3CH3CO 


182 


18 15,3 - 


- 18 14.4 


204363.725 


21 


248 


34.2 


316 


Blend with CH3CH3CO and C 2 H 5 OCHO 


184 


15 15,0 - 


- 15 14,1 * 


204364.340 


22 


233 


9.2 


316 


Blend with CH3CH3CO and C 2 H 5 OCHO 


186 


17l5,2 - 


- 17l4,3* 


204366.116 


21 


243 


26.3 


316 


Blend with CH3CH3CO and C2H5OCHO 


188 


16l5,l - 


- 16l4,2* 


204366.197 


22 


238 


18.0 


316 


Blend with CH3CH3CO and C 2 H 5 OCHO 


190 


60 12,49 


- 59 13,46 


204450.542 


260 


701 


72.3 


316 


Blend with CH3CH3CO and U-line 
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Table 10. continued. 



TV 


Transition" 


Frequency 


Unc. 






<x 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(\ \ 

UJ 




(2) 




IA\ 

w 


(•>) 


W 


(1) 


W 


ly 1 


34 12 , 23 


- 33 12,22* 


OA/1 A CI O'lO 


Q 
O 


7/17 


A77 £ 
07 I.J 


7t0 


Blend witn Cri3L.ri3L.LJ ana U-line 


193 


34 10 ,25 


- 33 10,24 


205107.534 


6 


328 


665.3 


100 


f7 , /— l T T /" \ T 1 /—I I! I 7 /"I X t J /-7 II 1 7 f~\ I 1 / 1 V i 

Strong CH3OCH3, C2H5 CN, and CH 3 ' J Cll2CN 


194 


34io,24 


- 33 10,23 


205113.060 


6 


328 


665.2 


100 


r7 . t T /" A T T 1 'X /"IX T 1 /"II t 1 ^ /""II T /" 7 X T 

Strong CH3OCH3, C2H 5 1J CN, and CH 3 1J CH2CN 


195 


34 6>29 - 


- 336,28 


205176.196 


6 


307 


703.2 


100 


Blend with CH 3 CHO and CH 3 13 CH 2 CN 


196 


35431 - 


- 34 5 ,3o 


205501.651 


7 


313 


152.2 


100 


Strong CH3OCHO and c-C 2 H 4 


197 


34 9>26 - 


- 339,25 


205639.058 


6 


322 


677.2 


271 


Strong CH 3 13 CH 2 CN and C2H5CN 


198 


34 9>25 - 


- 339,24 


205708.710 


6 


322 


677.2 


271 


Strong C 2 H 5 13 CN and CH3OCH3 


199 


3 36,27 " 


- 32 6 ,26 


205773.682 


6 


299 


685.9 


271 


Blend with U-line and CH 3 OH in absorption 


200 


12l0,2 - 


-119,3* 


205968.115 


12 


179 


87.1 


271 


Blend with CH3CH3CO, v,=l and CH3COOH 


202 


37i 36 - 


- 36 2 ,35 


206014.847 


7 


315 


287.3 


280 


Strong CH3OH and C 2 H 5 CN, v l3 =l/v 2 i = l 


203 


372,36 - 


-362,35* 


206014.958 


7 


315 


783.9 


280 


Strong CH3OH and C 2 H 5 CN, [) 13 =1/d 2 i = 1 


205 


372,36 " 


- 36i,35 


206015.138 


7 


315 


287.3 


280 


Strong CH3OH and C 2 H 5 CN, u 13 =1/d 2 i = 1 


206 


34 5 ,3o - 


- 334,29 


206035.987 


6 


303 


142.4 


280 


Strong C 2 H 5 CN, u 13 =1/d 21 = 1 and C 2 H 5 CN 


207 


34 8 , 27 - 


- 3 3 8,26 


206266.954 


6 


316 


687.9 


280 


n a /" ^ x X /" 7 X T 1 *~ 7 X X T 1 /" 7 1 T T/\ 

Strong C2H5CN, y 20 =l, C 2 H 5 CN, and CH3OCHO 


208 


34 7 , 28 - 


- 33 7 ,27 


206461.559 


6 


312 


696.8 


106 


. /- 7 x X /" 7 X T i / -1 

Strong C 2 H 5 CN, u 13 =1/d 2 i = 1 


209 


34 8 ,26 - 


- 3 3 8,25 


206887.489 


6 


316 


687.9 


106 


1 • , 1 /—1 xt ri\T 

Blend with C 2 H 5 CN 


210 


38o,38 - 


- 37l,37* 


207355.545 


13 


318 


330.6 


117 


Blend with CH2CHCN and CH3COOH 


212 


38o,38 - 


- 37o,37* 


207355.546 


13 


318 


810.7 


117 


Blend with 13 CH 2 CHCN and CH3COOH 


214 


355,31 - 


- 34 5 ,3o 


207543.638 


6 


313 


728.4 


282 


Blend with CH3OCHO and U-line 


215 


178,10 - 


- 167,9 


207551.813 


12 


188 


75.2 


282 


Blend with U-line 


216 


17 8 ,9 - 


167,10 


207552.401 


12 


188 


75.2 


282 


Blend with U-line 


217 


354,31 - 


- 34 4 ,3o 


208356.853 


6 


313 


728.8 


168 


Strong HC 13 CCN and HCC 13 CN 


218 


363,33 - 


- 354,32 


208729.722 


6 


318 


204.9 


160 


i i ■ , 1 /1 1 x /" N /" "1 I I /" N 1 X T 1 * 

Blend with CH3OCHO and U-hne 


219 


364,33 - 


- 354,32 


208847.713 


6 


318 


753.3 


160 


Strong HC 13 CCN, y 6 =l 


220 


363,33 - 


- 353,32 


208906.164 


6 


318 


753.4 


160 


Strong C2H3CN and CH3OCHO 


221 


364,33 - 


- 353,32 


209024.156 


6 


318 


204.9 


160 


Strong C2H3CN and CH3OCHO 


222 


34 5 ,29 - 


- 335,28 


209279.146 


6 


306 


708.3 


58 


Blend with NH 2 CH 2 CN and CH3CH3CO 


223 


34 7 , 27 - 


- 33 7 ,26 


209670.004 


6 


312 


698.1 


45 


Blend with HCC 13 CN, u 7 =2 and C 2 H 3 CN, v n = \ 


224 


3521,14 


-34 2 1,13* 


209787.936 


10 


453 


479.8 


45 


Blend with C 2 H 3 CN, y n = l/y 15 =l 


226 


3 5 20,15 


- 34 2 o,i4* 


209790.453 


10 


439 


504.9 


45 


t~i i i ■ . 1 r 7 t t ri\ t "i / t 

Blend with C2H3CN, y 11 = l/yi 5 =l 


228 


3 5 22,13 


- 3422,12* 


209795.133 


11 


467 


453.5 


45 


Blend with C2H3CN, yn = l/ui5 = l 


230 


35(9,16 


-34 19 , 15 * 


209804.307 


1 A 

10 


42o 


528.7 


A C 

45 


Strong L2H3LN, «n = l and LH3OCH3 


lil 


159.7 " 


14 8 ,6* 


oaho in Tin 

209810.239 


1 'I 

12 


1 O A 

lo4 


O 1 A 

81.0 


A C 

45 


Ci-„„„™ TT /"'XT 1 „ „ J /^tt /" "\ /" 7 t 1 

Strong L2H3CN, ui 1 = 1 and LH3UC113 


T2A 
2j4 


3 523,12 


-34 23 , n * 


7nr»o 1 n nt^n 
Z09510. 10/ 


1 7 
12 


A 07 

482 


A 7C r» 

425.9 


A C 

45 


Strong L2n3CJN, v\\ = Y and Cht3(JCht3 


236 


35 18,17 


-341J.16* 


209831.596 


10 


413 


551.4 


45 


m j ■ i-i 1 1/^tt /- 7 i i /~ixt 

Blend with CH3CH2CN 


238 


3524,11 


- 3424,10 


209833.824 


13 


498 


397.2 


45 


Blend with 13 CH 3 CH2CN 


240 


3525,10 


-34 2 5,9* 


209863.488 


15 


515 


367.2 


45 


Strong C 2 H 5 OH, CH3OCHO, and 13 CH 3 CH 2 CN 


242 


35n,l8 


-34i7,17* 


209875.072 


10 


401 


572.9 


45 


Strong CH3OCHO, 13 CH 3 CH 2 CN, and C 2 H 5 CN 


244 


3 5 26,9 - 


- 34 2 6,8* 


209899.094 


17 


532 


336.0 


45 


Blend with C 2 H 3 CN, v n = l and 13 CH 3 CH 2 CN 


246 


35 16.19 


-34i6,l8* 


209938.416 


10 


390 


593.0 


45 


Strong CH3OCHO and S0 2 


248 


3 5 27,8 - 


- 34 27 ,7* 


209940.094 


19 


550 


303.6 


45 


Strong CH3OCHO and S0 2 


250 


35 15,20 


-34 15 , 19 * 


210026.654 


10 


380 


612.0 


45 


Strong HC 3 N, y 7 = l 


252 


372,35 - 


- 363,34 


210086.448 


6 


322 


251.9 


45 


X7 1 1 -.1 /" "1 XT n\T 

Blend with C2H3CN, Un=2 


253 


373,35 - 


- 363,34 


210090.303 


6 


322 


779.0 


45 


Blend with C 2 H 3 CN, v n =2 


254 


3530,5 - 


- 34 30 ,4* 


210091.291 


29 


607 


198.9 


45 


Blend with C 2 H 3 CN, v n =2 


256 


372,35 - 


- 36 2 ,34 


210092.485 


6 


322 


779.0 


45 


Blend with C 2 H 3 CN, v n =2 


257 


37 3 ,35 - 


- 362,34 


210096.339 


6 


322 


251.9 


45 


T~l 1 1 " . 1 /" "1 x T /~1 XT "> 

Blend with C 2 H 3 CN, v n =2 


258 


35 14,22 


-34 14 ,2i* 


210146.825 


9 


370 


629.7 


tl A 

64 


T)1 J ■ it. I 3 /~"T T / 'I I /*1\T 

Blend with "CH3CH2CN 


260 


3531,4 - 


- 34 3 ,, 3 *^ 


210150.008 


35 


628 


161.6 


64 


Blend with 13 CH 3 CH 2 CN 


262 


35 13,23 


- 34i3,22 


210309.100 


9 


361 


646.3 


64 


f7 . X T /" 7 XT 1 /" 7 X X /" 7 X T 1 / 1 

Strong HC 3 N, y 6 =f7=l and C 2 H 5 CN, y l3 = l/u 2 i = l 


264 


35s,3i - 


- 34 4 ,3o 


210398.840 


6 


313 


152.8 


64 


Tl 1 1 ' 1.1 /™1 T T /Al T 1 /~7 1 T /" "v /" 7 1 T/7 

Blend with C2H5OH and CH3OCHO 


265 


35 12,24 


- 34i2,23 


210528.754 


8 


353 


661.6 


64 


O , I T /"7 -kt r\ 1 TT ATT 

Strong HC3N, y 7 =2 and C2H5OH 


267 


20 7 ,14 - 


- 19 6 ,13 


210694.282 


12 


199 


69.5 


37 


Til J ' i-l f ^ TT /^TVT ^> 

Blend with C2H3CN, Un=2 


268 


35] 1,25 


-34n,24 


210829.766 


7 


345 


675.7 


37 


Blend with I3 CH 3 OH and NH 2 CHO 


269 


35] 1,24 


-34„,23 


210830.374 


7 


345 


675.6 


37 


Blend with 13 CH 3 OH and NH 2 CHO 


270 


20 7 ,13 - 


- 196.14 


210837.991 


12 


199 


69.5 


37 


Blend with 13 CH 3 OH and NH 2 CHO 


77 1 
Z 1 1 


356,30 - 


- 34 6 , 29 


71HG71 AA7 
ZlUo / 1 .OOZ 





7 1 7 


77/1 7 
/Z4. / 


77 


Rlon/l n/lfVi Tl Mna onH f ' TT ATT 

rSlena witn u-line ana L,2rl5*jrl 


272 


20 5 ,15 - 


- 193.16 


210878.636 


15 


192 


2.3 


37 


Blend with CH3OCHO, 13 CH 3 CH 2 CN, and U-line 


273 


35 10,26 


- 34io,25 


211249.809 


7 


338 


688.5 


33 


Strong CH3OCHO 


274 


35 10,25 


- 34 10 ,24 


211259.223 


7 


338 


688.5 


33 


Strong CH3OCHO 


275 


38i,37 - 


- 372,36* 


211401.390 


50 


325 


296.5 


33 


Blend with C 2 H 5 CN and CH3CH3CO, v,=l, uncertain baseline 


277 


38, 37 - 


- 37i,36* 


211401.444 


9 


325 


805.2 


33 


Blend with C 2 H 5 CN and CH3CH3CO, v,=l, uncertain baseline 


279 


364,32 - 


- 355,31 


211527.010 


50 


323 


162.7 


47 


Blend with C 2 H 3 CN and CH3OCHO 


280 


35 9 ,27 - 


- 34 9 , 26 


211828.060 


50 


332 


700.1 


47 


Blend with U-line, C 2 H 5 OCHO, and NH 2 13 CHO, v l2 = l 
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Table 10. continued. 



Jy 


Transition 6 


Frequency 


Unc. 


Cl 


bp 


U 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




( 1 \ 

(1) 




(2) 


(1) 


(A \ 

(4) 


P) 


(0) 


(H\ 


(8) 


281 


35c)_26 - 


- 34 9 , 2 5 


ZllVio.UlU 


50 


332 


700.1 


36 


Strong JNH2 CHU and JNH2 CHU, 1^12=! 


282 


13l0,3 - 


- 129,4* 


211955.981 


12 


182 


87.6 


36 


Cj. MIT 1 1 ^ ~> I I /- \ 1 1 \iti 1 > /" I 1 f~\ 

Strong NH2 CHO, fi2=l andNFb CHO 


284 


34 6>28 - 


- 336,27 


212120.060 


50 


309 


708.0 


36 


Strong CH3CHO and NH2 CHO 


2S3 


35g,28 ^ 


- 34 8 , 27 


ZlZ4jo.zyU 




32o 


H 1 O A 

/ 1U.4 


00 
99 


Blend witn L.2rl3L,JN and C^H^Uri 


286 


35729 - 


- 34 7 ,28 


zlz4o3. OO 


50 


321 


719.0 


99 


Blend with CH3OCHO, a-C3H7CN, and CH3OH, i> r =l 


zs / 


39 U9 - 


- 38i38* 


o 1 hha 1 nn 
Z1Z/43.U1 / 


1 c 
1 j 


J/5 


en 1 
ail. 1 


00 

yy 


Strong L.rl3UL,lrl3 and t,2n5Wlrl 


Lay 


39 U9 - 


- 38o,38* 


Z1Z /4;>.Ulo 


1 c 
1 J 


jLQ 


QTQ Q 

jjy.o 


QQ 

yy 


Strong L.rl3L*L.rl3 ana L,2rl5Url 


Ly 1 


365,32 - 


- 35531 


o 1 hc\hh 1 C7 

zizy / z.oj 1 


c 



jZj 


H Aft H 


00 

yy 


Blend witn t,rl3t,rl2L.J>J and SU2 


LyL 


35g,27 - 


- 34 8 , 26 


Zl 33j3. o4o 


11 
O 


jZv 


H 1 O A 

/ 1U.0 


A O 

4o 


Blend witn t,rl2t,rlt,iN, L.2rl5L.lN, and u-line 


293 


188,11 - 


- 177,10 


1 1 1 A HI A A1 

L\${\ 1 3.443 


12 


1 OQ 


/0. 1 


A O 

48 


TO 1 ,] ..,;+u C~* T_I 13/^M 

Blend witn C2W5 CJN 


294 


50n,4o 


- 509_4i 


^ 1 1 AH A ?OI 

Z134/4. jol 


loll 


JJZ 


0.1 


A O 

4o 


Blend witn L.2H5 CJN 


295 


188,10 - 


- 17 7 ,n 


Z134/4.o4d 


12 


193 


76.1 


48 


Blend with C2H5 CJN 


296 


364,32 - 


- 35431 


'^ioc/'o nor 

213568.985 


6 


323 


749.9 


48 


nl J ' i-l /— 1 TT /7\T 1 / 1 J 13/— ITT /— 'TT/— 'XT 

Blend with C9H3CN, y 11 = l/y 15 =l and CH 2 CHCN 


297 


lln,o- 


- 10io,i* 


214056.089 


12 


182 


95.9 


48 


C\ ±_ 13/~1TT nxt /~1 TT 13/~1XT 1 mi 13/~1TT nxt 

Strong CH 3 CN, C2H5 1 CN, and CH3 1 CH 2 CN 


299 


37 3 ,34 - 


- 36433 


Alii A^l <~\f\/~\ 

214147.290 


50 


328 


214.4 


75 


C\ . /™1 T T 1 ^ /"IX T 1 /^l T 1 ^ /^T T 

Strong C2H5 1 CN and CH3 1 CH 2 CN 


300 


37 4 ,34 - 


- 364,33 


214225.810 


50 


328 


774.6 


75 


Strong CH 2 NH, 13 CH 3 CN, and C 2 H 5 CN 


301 


37334 - 


- 36333 


214265.300 


50 


328 


774.6 


75 


Strong C 2 H 5 CN and C 2 H 5 OH 


302 


37 4 ,34 - 


- 36333 


214343.817 


6 


328 


214.4 


75 


Strong 13 CH 3 CN and C 2 H 5 ' 3 CN 


303 


35530 - 


- 34 5 , 29 


214468.257 


6 


316 


728.6 


75 


Blend with CH3OCH3 


304 


51 16,35 


- 51 15,36 


214470.968 


53 


591 


243.9 


75 


Blend with CH3OCH3 


305 


51 16,36 


- 51 15,37 


214471.118 


53 


591 


243.9 


75 


Blend with CH3OCH3 


306 


36532 - 


- 35431 


215014.344 


6 


323 


163.1 


74 


Blend with 13 CH 3 CN, v s = l 


307 


382,36 " 


- 37335 


215469.850 


50 


332 


261.1 


74 


Strong C2H5CN, W|3=l/u2i = l 


308 


38336 - 


- 37 3 ,35 


215472.342 


7 


332 


800.3 


74 


Strong C2H5CN, u 13 =l/u 21 =l 


309 


3 82,36 " 


- 37 2 ,35 


215473.742 


7 


332 


800.3 


74 


Strong C2H5CN, y 13 =l/y 21 =l 


310 


38336 - 


- 37 2 ,35 


215476.230 


50 


332 


261.1 


74 


Strong C2H5CN, i! I3 =l/u 21 = l 


311 


21 5 ,16 - 


-20 3 ,17 


215480.099 


15 


198 


2.7 


74 


Strong C2H5CN, »13=1/U2i = l 


312 


169,8 - 


15 8 ,7* 


215778.326 


12 


189 


82.0 


74 


Blend with C 2 H 5 CN, y 2 o=l 


314 


3621,15 


- 3521,14 


215779.220 


50 


463 


508.7 


74 


Blend with C 2 H 5 CN, u 2 o=l 


316 


3622,14 


- 3 5 22,13* 


215783.850 


50 


477 


483.1 


74 


III J " . 1 f "1 TT /^XT 1 

Blend with C 2 H 5 CN, u 2 o=l 


318 


3620,16 


- 35 20,15* 


215784.950 


50 


449 


533.2 


74 


III J " . 1 f "1 TT 1 

Blend with C2H5CN, U2o=l 


320 


3623,13 


- 35 23,12* 


215797.530 


50 


492 


456.3 


74 


Blend with C 2 H 5 CN, Ui 3 = l/u 2 i = l 


322 


36i 9> i7 


- 35l 9 ,l6* 


215802.872 


10 


436 


556.3 


74 


nl J ■ i-l /— 1 TT /7\T 1 / 1 

Blend with C2H5CN, Ui 3 = l/U2i = l 


324 


3624,12 


- 3524,11* 


01 coin Tin 
ZlDolV.ZZU 


ca 

50 


CAO 

508 


428.4 


c c 

55 


p , , . /~i TT PM 1 / 1 

Strong C2H5CN, u l3 = l/U2i = l 


326 


36is,18 


- 35is,17* 


215835.300 


50 


423 


578.4 


55 


(1. /^ TT OXI 1 / 1 1 ^iri A 

Strong C 2 H 5 CN, u 13 = l/u 2 i = l and w SO 


328 


3625,11 


- 3 5 25,10* 


215847.810 


50 


525 


399.2 


55 


Strong 34 SO 


330 


3626,10 


- 3 5 26,9* 


215882.850 


50 


542 


368.9 


55 


Strong 13 CH 3 OH 


332 


36n_i9 


- 3517,18* 


215885.180 


50 


411 


599.1 


55 


Strong 13 CH 3 OH and C 2 H 5 OH 


334 


3697,9 - 


- 3 527,8* 


215923.600 


50 


560 


337.4 


55 


Blend with C 2 H 5 OH, CH 3 COOH, and U-line 


336 


36i6,20 


- 35i6,19* 


215956.570 


50 


400 


618.7 


55 


Strong C 2 H 5 CN 


338 


36l5,21 


- 35 15,20* 


216055.006 


10 


390 


637.2 


55 


Strong C2H5CN, u 13 =l/u 21 = l 


340 


36i4,22 


- 35 14,21* 


216188.170 


50 


380 


654.5 


55 


Blend with C 2 H 5 CN 


342 


3632,4 - 


- 3532,3* 


216198.450 


50 


659 


161.8 


55 


Blend with CH 3 OCHO 


344 


36i 3> 23 


- 35 13,22* 


216367.230 


50 


371 


670.6 


55 


Strong CH 3 OCHO and 13 CH 3 OH 


346 


21 7 ,15 - 


-20 6 ,14 


216386.644 


12 


205 


70.1 


55 


Blend with U-line 


347 


35728 - 


- 34 7 , 27 


216489.383 


6 


322 


720.8 


55 


Blend with C 2 H 5 CN, u 13 = l/i; 21 = l and U-line 


348 


366,31 - 


- 356,30 


216511.289 


7 


327 


746.2 


55 


Strong CH 3 CH 3 CO, v,=l and C 2 H 5 CN, v l3 = l/v 2l = l 


349 


36i2,24 


- 35 12,23* 


216609.170 


50 


363 


685.5 


55 


Blend with CH 3 COOH 


351 


217,14 - 


-20 6 ,i5 


216649.055 


12 


205 


70.1 


55 


Strong S0 2 


352 


39i38 - 


- 382,37* 


216786.652 


10 


335 


305.7 


50 


Blend with U-line and CH 3 CH 3 CO, v,=i 


354 


39i,38 - 


- 38l,37* 


216786.721 


10 


335 


826.7 


50 


T\ 1 1 ' . 1 T T 1 " 1 /*™1 T T /~1 T T /"I /~~\ 1 

Blend with U-line and CH 3 CH 3 CO, v,= l 


356 


42 16i26 


-42 15 ,27* 


2iooj3.o9j 


37 


469 


186.2 


50 


O , ^, , . f • TT PM 1 / 1 

Strong C2H5CJN, U]3 = 1/^21 = 1 


358 


3611,26 


- 35 11,25 


t itn^n caa 

216940.590 


50 


355 


699.1 


50 


Oi.„„„„ T 1 /—"XT „ „ J /-'TT ATT 

Strong C2H3CJN and CH3UH 




36n,25 


- 35 11,24 


210941. /4U 


CO 


jDj 


inn 1 
099.1 


cn 


O t ,„„„ /-1 I I /-iXT 1 /-iTJ f M I 

Strong L.2rl3CJN and CH3UH 


ooO 


41 16,25 


-41 15,26* 


it /U25.J69 


JO 


430 


1 Ht\ A 

1 /9.9 




Dl™„ J . . i-I— /— 'TT /— 'TT /— '/— \ . , . 1 1 3 /— 'M ! « r.1-. .-. 1-1 ...i it -. ■ ■ 

Blend with LH3LH3LU and CJN in absorption 


362 


40l6,24 


-40l5,25* 


21 71 88 ?fi(S 


36 


445 


173.6 


50 


Strong rHoOCH, 


364 


39i6,23 


~39 15,24* 


217334.340 


35 


433 


167.4 


50 


Blend withCH 2 13 CHCN 


366 


37433 - 


- 36532 


217368.200 


8 


333 


173.0 


50 


Blend with 13 CN in absorption, C 2 H 5 13 CN, and U-line? 


367 


36l0,27 


- 35 10,26 


217402.380 


50 


348 


711.7 


50 


Strong HC 13 CCN and l3 CH 3 OH 


368 


36io,26 


- 35 10,25 


217418.120 


50 


348 


711.6 


50 


Strong HCC' 3 CN 


369 


38 16,22 


- 38i5,23* 


217467.396 


35 


422 


161.1 


50 


Blend with 13 CN in absorption 


371 


37i6,21 


- 37 15,22* 


217588.187 


34 


411 


154.8 


50 


Blend with (CH 2 OH) 2 and U-line 


373 


36i6,20 


-36 15 ,2i* 


217697.439 


34 


400 


148.6 


50 


Blend with CH 2 CH 13 CN and U-line 
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Table 10. continued. 



N a 


Transition" 


FiCL[UCilCy 


UilC 




In 2 


rr e 
U 


V^UllllllCllLft 








(MHz) 


(kHz) 




(L* ) 


(mK) 








(2) 










\ 1 > 




375 


39 8 , 31 - 


- 395,34 


219371.585 


37 


370 


11.6 


92 


Blend with C 2 H 3 CN, y 11 = l/y 15 = l 


376 


198.12 " 


- 187,11 


219376.897 


12 


198 


77.1 


92 


Blend with C 2 H 3 CN, v u = l/v l5 = l and C 2 H 5 OH 


377 


19 8 ,n - 


- 187,12 


219380.063 


12 


198 


77.1 


92 


Blend with C2H3CN, v n = l/vi S = l and C 2 H 5 OH 


378 


38335 - 


- 374,34 


219549.670 


50 


338 


223.9 


92 


Strong C O 


379 


36 5> 3i - 


- 35530 


219565.844 


7 


327 


748.9 


92 


Strong C 18 


380 


38435 - 


- 37 4 ,34 


219601.640 


50 


338 


796.0 


92 


Blend with CH3CN, v 4 =l and NH 2 CN 


381 


38335 - 


- 373,34 


219628.210 


50 


338 


796.0 


92 


Strong C2H5CN, [) 2 o=l and CH 3 CN, v 4 = l 


382 


582,56 - 


- 58l,57* 


219628.923 


369 


593 


66.8 


92 


Strong C2H5CN, [) 2 o=l and CH3CN, u 4 = l 


384 


583,56 - 


- 582,57* 


219628.923 


369 


593 


66.8 


92 


Strong C2H5CN, [) 2 o=l and CH3CN, v 4 = l 


386 


63 11,53 


- 62i2,50 


219678.339 


347 


748 


53.1 


92 


Strong HC3N, u 7 =2 


387 


38435 - 


- 373 ,34 


219680.190 


7 


338 


223.9 


92 


Strong HC 3 N, y 7 =2 


388 


13n,2- 


- 12 10,3 


226038.817 


12 


189 


96.1 


278 


Blend with c-C 2 H 4 


390 


40 2 ,38 - 


- 393,37 


226232.383 


9 


353 


279.7 


278 


Noisy, blend with U-line? 


391 


40 3 ,38 - 


- 393,37 


226233.371 


9 


353 


843.2 


278 


Noisy, blend with U-line .' 


392 


40 2 ,38 - 


- 39 2 ,37 


226233.942 


9 


353 


843.2 


278 


Noisy, blend with U-line? 


393 


40 3 ,38 - 


- 39 2 ,37 


226234.930 


9 


353 


279.6 


278 


Noisy, blend with U-line? 


394 


59l 7 ,42 


- 59 16,43 


226530.302 


99 


729 


290.8 


278 


Blend with C 2 H 5 CN 


395 


59 17 ,43 


- 59 16,44 


226530.999 


99 


729 


290.8 


278 


Blend with C 2 H 5 CN 


396 


378,29 " 


- 36s,28 


226531.433 


7 


347 


755.6 


278 


Blend with C 2 H 5 CN 


397 


623,59 - 


-62 3 ,6o* 


226531.914 


447 


668 


15.8 


278 


Blend with C 2 H 5 CN 


399 


624,59 - 


- 62 3 ,60* 


226531.915 


447 


668 


100.4 


278 


Blend with C2H5CN 


401 


23 7 ,„ - 


- 22 6 ,i6 


227460.224 


12 


218 


70.9 


85 


Blend with CH3COOH, CH 2 (OH)CHO, and CH 2 CH 1J CN 


402 


41l,40" 


-40 2 , 39 * 


227553.664 


14 


357 


324.0 


85 


Strong C2H5CN and CH3OCHO 


404 


41 1,40" 


-40,,39* 


227553.690 


14 


357 


869.6 


85 


Strong C2H5CN and CH3OCHO 


406 


602,58 " 


-60,, 59 * 


227625.680 


458 


624 


66.9 


85 


Strong C2H5CN, yi3=l/y 2 i=l 


408 


602,58 " 


-60 2 ,59* 


227625.680 


458 


624 


10.9 


85 


Strong C2H5CN, D]3=1/d 2 i = 1 


410 


3 86,33 " 


- 376,32 


227639.839 


9 


348 


788.8 


85 


Strong C2H5CN, f,3 = l/f2i = l and CH3OCHO 


411 


I89 10- 


- 17 8 ,9* 


227689.981 


12 


198 


84.0 


85 


Blend with U-line 


413 


23 5 ,i8 - 


- 223,19 


227691.505 


14 


210 


3.5 


85 


Blend with U-line 


414 


3822,16 


- 37 2 2,15* 


227759.604 


11 


498 


541.1 


85 


Blend with H 2 ' CS and C 2 H 5 OH 


416 


3821,17 


- 3721,16* 


227760.667 


11 


484 


565.4 


85 


Blend with H 2 13 CS and C 2 H 5 OH 


418 


3823,15 


- 3723,14* 


227768.859 


12 


513 


515.7 


85 


Strong C 2 H 5 CN 


420 


3820,18 


- 3720,17* 


227773.682 


11 


470 


588.4 


85 


Strong C 2 H 5 CN 


422 


3824,14 


- 3724,13* 


227787.136 


12 


529 


489.3 


85 


Strong C 2 H 5 CN and HC 3 N, v 6 =l 


A 0/1 
4Z4 


38i9,i9 


- 37i9,is* 


ZZ/oUU. ijj 


1 1 


A C7 
43 / 


a 1 n a 
oiu.4 


oc 
o3 


strong L.rl3L.rl2L.rN ana L.rl3Url 


426 


3825,13 


- 3725,12* 




14 


546 


461.7 


85 


0,„.,„ , . /"ITT /\| I 

Strong CH3(JH 


428 


56,7,39 


- 56i6,40 


22/olo.ooo 


80 


679 


270.6 


85 


Ct»/,«™ f I I r\TT 

Strong CH3UH 


a on 

429 


56n,40 


- 56l6,41 


22/olV.UlU 


on 


6/9 


07n a 
2/U.6 


55 


Strong CH3UH 




38i8,20 


- 37 181 9* 


22/o44. j21 


1 1 
1 1 


AAA 

444 


AQ 1 1 
031.3 


S3 


rslena witn L.ri3L.ri3L.U, v-j=Z, ana HL-C LJN, ^7=2 


A 11 

4jz 


3826,12 


- 3726,11* 


22 /o4o. /ol 


1 r 
i J 


JO J 


AH O 

43z.9 


DC 

03 


Blend witn L.ri3Cli3L.U, lie v-j=Z, ana L.IN, l>7=2 


434 


3827,11 


- 37 2 7,io* 


Zz /000.0UV 


1 n 
i / 


CQ 1 
3oi 


Am n 
4U3.U 


S3 


Strong 


A "2 A 

436 


38i7,21 


- 37(7 20* 


22/yUo.oU3 


1 1 
i i 


A QO 
432 


ac 1 n 
63i.O 


53 


Strong CH3 L,H2L.JN ana ^n^L-iy 


438 


44 17 ,27 


-44 16 ,28* 


231UU2. j(J4 


C/1 

54 


5U4 


1 no c 

193.3 


1 O] 


Noisy 


a /in 
44U 


218,14 - 


-20 7 ,i3 


23 1 1 14. fjj 


1 1 

1Z 


1 n 
ZIU 


70 O 


loi 


d 1 , 1 ,, .li-v, r ^ 11 /~< xt ,, 1 r^i 1 run ,, ,, , 1 it 1; „ „ 
rslena witn L-2rl3CiN, un = l, L.rl3L.rlU, ana U-line 


A A 1 

44 1 


218,13 - 


- 20 7 ,i4 


11O0 HA £ 

231 IZo. /4o 


1 
tz 


1 n 
ZIU 


HQ Q 
10.0 


1 00 

ioJ 


rslena witn U-line ana ri2 CS 


A /lO 

442 


43n,26 


-43l6,27* 


T1 1 1 Cfl A n 1 

231 OV.4U1 


C/1 

34 


/in 1 
491 


1 on 
to /.Z 


1 O] 


o t ,.„„ 13/^TJ r^TJ/^XT 

Strong Cri2CriL.JN 


AAA 

444 


42 17 ,25 


-42i6,26* 


231 3U3.3oo 


53 


4/9 


1 on n 
ioU.9 


a n 
4U 


Strong Cri3Cri2CJN ana C2H5CJN 


A A A 

446 


41 17,24 


-41 1 6 ,25* 


23 143J.U94 


53 


/I A 7 

46/ 


17/1 7 
1 /4. / 


a n 
41) 


rslena witn L-ri2L.rit.JN 


A A O 

44 o 


40 17 ,23 


-40i6,24* 


231 JJJ.24U 


CQ 
33 


/I cc 
433 


1 AO A 


/in 
4U 


di„,,,i "fi, /-i it nu 
rslena witn LoiisUri 


450 


41 2 ,39 " 


-403,38 


7^1 (S1 1 (Sfi^ 


10 


^64 


zoo. y 


4D 


RlenH with HNm u c — 1 rHoOrHO 13 fH,rN anH TT-line 


4 J 1 


413,39 " 


- 40 3 ,38 


7Q 1 <C 1 O TOO 

Zj IOIZ.Z00 


1 n 


j 04 


SAzl zl 
004.4 


4U 


rsiena wiin riiNL-vj, 175—1, v 1 1 ^ v ^ v_ 1 k L.ri3L.rN, ana u-iine 


4S7 


41 2 ,39 " 


-402,38 


7^1 (S1 7 

Z.J 1U1Z. UJ 1 


10 


364 


864.6 


40 


RlenH with HNfO /)= — 1 PH^OrHO ^fH.rN anH TT-line 

JJlCllU. W1L11 I I.Nv 17, (75 — -Li VI 1 ^ V 7 V I 1 V 7 , VI 1 ^ V i > , tlllLl KJ 1111C 


43.3 


4I339 - 


-402,38 


Z3 1D13.Z /D 


1 n 


■}a/i 

J 04 


Zoo. 9 


/in 
4U 


d i an ,i *j-u i vi ,, _ i /"tt nrun i V"i i r^xT onn tt lino 
rsiena witn riiNL.vj, ^5—1, v^ri3VJL.rivj, L.ri3L,iN, ana u-line 


/I C/1 

454 


61 2,59 " 


-61 ,,60* 


T3 1£1fl A OA 

23 lolV.4o4 


3U8 


A/i n 
64U 


AA O 

60.9 


a n 
4U 


rslena witn Cri3UCriU, L.ri3CJN, ana U-line 


456 


61 3,59 " 


- 61 2 ,60* 


231d1V.4o4 


cno 
3U8 


A/in 
64U 


aa n 
66.9 


a n 
4U 


ni„„,| ,^ <-U C^i i /'^/'~"T T/"\ lV'II /^M J TT 1 

rslena witn L.ri3UL.ri(J, Cri3L,JN, ana U-line 


4.58 
tjo 


58 11,47 


- 57,2,46 


7^1 (S1Q SQQ 


^75 


650 

UJ7 


71 n 


4f) 


RlenH with CV\->(iCV\(i 13 rH^TN anH TT-line 

JJlCllU W1L11 V I 1 3 V 7 V I 1 V 7 , V I 1 ^ V i N , tlllU U - 1111C 


459 


39i7,22 


" 39,6,23* 


231664.446 


53 


444 


162.2 


40 


Blend with 13 CH 3 CH 2 CN and C 2 H 5 OH 


461 


376,32 " 


- 36531 


232675.249 


9 


337 


125.2 


19 


Blend with CH3CH3CO, v,=l and U-line 


462 


24 7 ,,8 - 


- 236,17 


232766.448 


12 


224 


71.1 


19 


Blend with 13 CH 3 CN, t) 8 = l and CH3CH3CO 


463 


40 5 ,36 - 


- 39 4 ,35 


235023.563 


9 


365 


203.0 


131 


Blend with CH3OCHO 


464 


39 n ,29 


- 38,1,28 


235323.229 


8 


387 


768.9 


131 


Blend with CH 3 CHO and U-line 


465 


234,19 - 


- 223,20 


235326.210 


10 


208 


11.1 


131 


Blend with CH3CHO and U-line 


466 


39„,28 


- 38,1,27 


235328.787 


8 


387 


769.0 


131 


Blend with CH 3 CHO and U-line 
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Table 10. continued. 



N a 


Transition" 


Frequency 


Unc. c 






<T e 


Comments 










(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 






(i) 




(2) 


/OX 

(3) 


{ A \ 

(4) 


(5) 


(6) 


(7) 


(8) 




467 


40 5 , 35 - 


- 39 6 , 34 


235342.332 


14 


370 


156.8 


131 


111 1 ",_1TT1" 1 ✓"IT T /"IT T f~\ 

Blend with U-line and CH3CH3CO 




468 


62 2 ,6o - 


-62 lj6 ,* 


235610.226 


562 


656 


67.0 


131 


Blend with CH3CH3CO, 13 CH 3 OH, v t =\, and 

C2H5CN, lli 3 = l/D21 = l 




470 


62 2 ,6o - 


-62 2 ,6i* 


235610.226 


562 


656 


10.9 


131 


Blend with CH3CH3CO, 13 CH 3 OH, v,=l, and 


















C2H5CN, 1)13 = 1/1)21 = 1 




472 


3 86,32 - 


- 376,31 


235612.906 


10 


351 


792.6 


131 


Blend with CH3CH3CO, 13 CH 3 OH, u,=l, and 

C2H5CN, Dl3 = l/D21 = l 




473 


3 86,33 - 


- 375,3 2 


235699.420 


8 


348 


136.0 


131 


Blend with CH3OCH3, uncertain baseline 




AHA 

4/4 


41 3,38 " 


-40 4 ,37 


235 /Oj.j ly 


1 n 
1U 


3 /0 


ZjZ.l 


131 


Blend with CH3OCH3, uncertain baseline 




475 


41 4 ,38 " 


- 40 4 ,37 


235720.329 


10 


370 


860.1 


131 


Blend with CH3OCH3, uncertain baseline 




A Hi 

4/6 


41 3 ,38 " 


" 40 3 ,37 


235 /2o.l 10 


1U 


3 /0 


OAA A 

00O.O 


IT] 

131 


Blend with U-line, uncertain baseline 




A HH 
4 / / 


67l3,55 


- 66i4, 52 


235 1 3z. ol 1 


A 1 

4ol 


OJO 


fy.j 


111 
131 


Blend with U-line, uncertain baseline 




4 / O 


41 4 ,38 - 


" 40 3 ,37 


Loo /4Z.OOU 


1 n 


O /U 


ZjZ. 1 


131 


Baseline problem, or absorption line? 




AHQ 

4/y 


17]0,8 - 


- 169,7* 


n^C7A l^A 


1 H 
1Z 


1 QQ 

lyy 


on c 


131 


Strong CH3OCHO, C2H5CN, Ui3=l/W2i = l, and 13 CH 3 OH 


4ol 


39 10,30 


- 38io,29 


TQ^QTQ ACA 


Q 
O 




/ oU.4 


13 1 


D l « ., ,1 ,„:ti, f^l I 1S\ 

Blend witn UH3UC,rl(J 




A9.9 
4oZ 


39io,29 


- 38io,28 


O^QQS 1AA 
ADJyoo. /44 


Q 
O 


JOU 


/ OU. J 


131 


C,„„„„ y~1 ti All „„J ATT 

Strong C2H5OH and LH 3 OH 




4oo 


684,64 - 


-683,65* 


1 cuinn oaa 


AT 1 
0/1 


HQ A 

/o4 


1 l/l /I 

134.4 


1 A 

210 


Strong CH3OCH3, C2H5 1 CN, and CH3CH3CO 




H-0 J 


685,64 - 


- 684,65* 


940QQ0 Q6Q 

ZH-U77V.7U7 


u / 1 


/ OH- 


1 ^4 4 


916 

Zl u 


Strong CH3OCH3, C2H5 1 CN, and CH 3 CH 3 CO 




A QH 
45 / 


40 12 , 29 


- 39,2,28 


Z4UW2.01 1 


n 

y 


A AA 

4Uo 


1 iy. 1 


O 1 A 

210 


(a , /nil /-\/-itt /—1 TT 13/~1XT J r^TT /'II / 1 /" 

Strong CH 3 OCH 3 , C 2 H 5 CN, and CH 3 CH 3 CO 




AOO 

485 


40 12 ,28 


- 39 12,27 


o/innno aaq 
240992. oo3 


n 

y 


/I AA 

4Uo 


I ly. 1 


1 1 A 

216 


n j / ' T T / "\ / T T / T T 13 ri\T 1 /~1T T f A J T / ' /" "\ 

Strong CH 3 OCH 3 , C 2 H 5 CN, and CH 3 CH 3 CO 




489 


39 63 3 - 


" 386,32 


241002.693 


1 1 


363 


812.9 


O 1 A 

216 


Strong C 2 H 5 13 CN, CH3CH3CO, and C 34 S 




490 


42 3 ,39 - 


-41 4 ,38 


241081.365 


1 1 


382 


261 .4 


216 


Blend with CH 3 13 CH 2 CN and U-line 




491 


42 4 , 39 - 


-41 4 ,38 


241090.991 


1 1 


382 


881.3 


216 


Blend with CH 3 13 CH 2 CN and U-line 




492 


42 3 ,39 - 


-41 3 ,38 


241096.116 


11 


382 


881.3 


216 


Blend with CH 3 13 CH 2 CN and U-line 




49J 


42 4 ,39 - 


-41 3 ,38 


h a i i nc h ah 
241 1U3. /42 


1 1 

1 1 


ial 


Hi. 1 A 

261.4 


1 1 A 

216 


Blend with U-line and C 2 H 5 CN 




494 


16l,,5 - 


- 15 10,6 


H A A f\C\ 1 -70 1 

244001. /94 


12 


201 


97.9 


46 


Blend with C 2 H 5 OH 




496 


41 6,36 - 


-40 6 ,35 


244037.948 


12 


382 


852.7 


46 


Strong H 2 CS 




497 


41 5 ,36 - 


-40 5 ,35 


244944.066 


12 


382 


853.1 


39 


Strong CS 




498 


45 ,45 - 


-44,,44* 


245041.483 


39 


394 


394.8 


39 


Blend with C 2 H 5 CN and C 2 H 5 13 CN 




500 


45 1,45 - 


-44,,44* 


245041.483 


39 


394 


960.6 


39 


Blend with C 2 H 5 CN and C 2 H 5 13 CN 




502 


42 4 ,38 - 


-41 5 ,37 


245115.653 


12 


388 


222.4 


72 


C i f~A 11 X TT T 

Strong CH 2 NH 




503 


42 5 ,38 - 


-41 5 , 37 


245270.702 


12 


388 


877.3 


72 


CA i_ 1 1 /"A "V T 1 1 T T 13 /" X T 

Strong HC 3 N, u 4 =l and C2H5 CN 




504 


45 18,27 


- 45,7,28* 


245277.970 


79 


528 


194.5 


72 


Strong C 2 H5 13 CN 




506 


42 4 ,38 - 


-41 4 ,37 


r\ A c A A A 1 A 

245344.019 


12 


388 


877.3 


72 


Strong SO2 and CH3CH3CO 




507 


44,8,26 


-44 n ,27* 


245407.219 


79 


515 


188.3 


72 


Blend with CH3CH3CU 




soy 


219,13 - 


-20 8 ,12 


^ A Q A 1f\ A AH 

2454 /0.oo9 


1 H 


Zl J 


oi n 
86. y 


11 


C ( ,-,^.h ,» I I p\T ,, 1 /,, 1 nn A T T r^XT ,, 

otrong L,2rl5L.JN, yi3 = l/U2i = l ^nd L2H3LIN, V\\ — 


1 


310 


219,12 - 


-20g,i 3 


O/l C/1T 1 IOO 

2454/ 1. loo 


1 H 


213 


8o.y 


HH 

11 


strong L,2rl5L.JN, (7i3 = l/i'2i = l and C.2ri3<-JN, V\\ = 


1 
1 


C1 1 
311 


86 10,76 


- 869,77 


o/i ^ /i acq 
2454/ j. Vjo 


ijiy 


1 Tin 

izjy 


Q/1 A A 

344.4 


HH 

11 


Stronp r^HcrN Hia — — 1 and C\H?CN «.,- 


1 


en 
312 


42 5 ,38 - 


-41 4 , 37 


o/i c/i r»n aaq 
245499.000 


1 h 
11 


TOO 

388 


TOO /I 

222.4 


HH 

11 


Strong HC 13 CCN, u 7 = l 




513 


43l8,25 


-43„,26* 


Air fAf rrn 

245525.550 


78 


502 


182.0 


72 


Strong HCC 13 CN, y 7 =l 




c 1 c 

515 


42i8, 24 


-42 n ,25* 


O /I C A "5 1 COO 

245633.528 


78 


490 


175.7 


53 


Blend with CH 2 13 CHCN and C 2 H 3 CN, «i 5 =2 




517 


777,70 - 


- 777,71 


245 / 18.043 


974 


998 


32.3 


CQ 

53 


Blend with CH 2 13 CHCN and HNCO, u 5 =l 




519 


77s,7o - 


- 77 7 ,7i * 


245718.533 


974 


998 


237.4 


53 


Blend with CH 2 13 CHCN and HNCO, v s =l 




521 


4122,19 


-40 22 ,18* 


245718.666 


1 1 


532 


625.3 


53 


Blend with CH 2 13 CHCN and HNCO, v 5 = \ 




523 


4123,18 


-40 23 ,17* 


245719.705 


12 


547 


601.8 


53 


Blend with CH 2 13 CHCN and HNCO, v 5 =\ 




525 


4121,20 


-40 2 1,,9* 


245730.1 12 


1 h 
11 


517 


i. AH O 

647.8 


53 


Blend with HNCO, w 5 =l 




527 


4124,17 


-40 24 ,16* 


O /I C71 1 AAA 

245731.600 


1 h 
11 


CAT 

563 


577.2 


CI 

53 


Blend with HNCO, » 5 =1 




32y 


41 18,23 


-41,7,24* 


Z4 j / j 1 . / UU 


/o 


4/0 


loy.j 


c.a 
33 


Blend with HNCO, v 5 = l 




cq 1 
33 1 


42 8 , 34 - 


" 42 5 ,37 


Z4j /4o.lO/ 


->c 
JJ 


A AC 

41D 


O.O 


33 


Strong CH 2 13 CHCN and CH 3 OCHO 




332 


4125,16 


-4025,15* 


1 -1 A/1 Q 

245/53.043 


13 


C"70 

3/y 


f r 1 A 


C^3 

33 


Strong CH 2 13 CHCN, CH3OCHO, and HC 3 N, y 5 


=l/v 7 =3 


^1A 
334 


4120,21 


- 4020,20* 


0/1 ^t^a inn 

Z4j / JO. 1UU 


1 
1Z 


3U4 


AAQ H 

ooy.2 


c.a 
33 


Strong CH3OCHO and HC 3 N, [) 5 =1/d 7 =3 




C.Q A 

JJU 


4126,15 


-40 26 ,14* 


0/1 07 A. 

Z4j loZ.y /0 


1 A 
14 


CQ7 

3y / 


323.1 


c.a 

33 


Strong CH 2 13 CHCN and C 2 H 5 CN, f 13 =l/f 21 = l 




c.qo 

JJO 


41 19,22 


"40,9,21* 


OA ^HQQ OA^ 

Z4j fyy.Zvj 


1 
1Z 


A OA 

4yu 


ACQ 1 


C.7 

33 


Blend with CH 2 CH 13 CN 




c./, a 
34U 


48g,4o - 


- 47,,3 9 


Z4jo 1 Z.U / j 


1 

1U3 


/I QT 
48 / 


oi.y 


C.7 

33 


Strong CH 2 CH 13 CN and CH 2 13 CHCN 




541 


41 2 7,14 


-40 27 ,i3* 




15 


614 


497.4 


53 


Strong CH 2 CH 13 CN and CH 2 13 CHCN 




543 


40,8,22 


-40,7,23* 


245820.595 


78 


466 


163.2 


53 


Strong CH 2 CH 13 CN and CH 2 13 CHCN 




545 


41 18,23 


"40,8,22* 


245863.030 


12 


478 


708.9 


53 


Blend with CH 2 CH 13 CN 




547 


4128,13 


-40 2 8,12* 


245864.987 


16 


633 


468.6 


53 


Blend with CH 2 CH 13 CN 




549 


39,8,21 


- 39,7,22* 


245900.727 


78 


455 


157.0 


53 


Strong CH3OCHO and CH 2 CH 13 CN 




551 


4129,12 


-4029,11* 


245915.751 


17 


652 


438.9 


53 


Strong CH 2 CH 13 CN and CH 2 13 CHCN 




553 


267,19 " 


" 256,20 


245927.818 


12 


239 


70.3 


53 


Blend with CH 2 CH 13 CN 




554 


41 17,24 


-40i7,23* 


245951.925 


12 


466 


727.2 


53 


Blend with CH3CH3CO, o,=l 
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Table 10. continued. 



N" 


Transition" 


Frequency 


Unc. c 








Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


556 


41 30 .11 


-403o,io* 


245972.316 


19 


672 


408.0 


53 


Blend with C 2 H 5 CN, v xi = \jv 2 \ = \ and v=0, and U-line 


558 


38 18,20 


- 38,7,21 


245972.593 


78 


443 


150.7 


53 


Blend with C 2 H 5 CN, !7, 3 = 1/d 2 i = 1 and v=0, and U-line 


JOU 


41 3U o 


-40 3 1,9* 


Z40U54.Z50 


oo 

22 


AOO 

oy2 


Q7A O 

3 /0.2 


33 


rJlena witn l^flsi^JN, [J i3 = i/ y 2i = i ant 4 v_H3UCrlU 


562 


37l8,19 


- 37,7,20* 


246036.674 


78 


432 


144.4 


53 


Blend with C 2 H 5 CN, ej, 3 = I/D21 = 1 and CH3OCHO 


564 


277,21 - 


- 266,20 


247058.498 


12 


246 


70.8 


68 


Strong CH3OCHO 


565 


63l2,51 


- 62,3,50 


247101.751 


518 


754 


76.5 


68 


Blend with C 2 H 3 CN and HC3N, u 7 =2 


566 


41 12,30 


- 40,2,29 


247104.436 


10 


418 


803.0 


68 


Blend with C 2 H 3 CN and HC 3 N, y 7 =2 


567 


41 12,29 


- 40,2,28 


247105.557 


10 


418 


803.0 


68 


Blend with C 2 H 3 CN and HC 3 N, u 7 =2 


568 


41 6,36 " 


-40 5 ,35 


247299.045 


10 


382 


168.3 


68 


Blend with C 2 H 3 CN, !J, 5 = l 


569 


41 7 ,35 " 


-40 7 ,34 


247432.588 


13 


387 


849.3 


68 


Blend with C 2 H 5 OCHO, t-HCOOH, and S0 2 


570 


42i7, 25 


-41,7,24* 


251968.635 


13 


478 


752.3 


42 


Blend with CH3OCH3 


572 


277,20 - 


- 26 6 ,2i 


252059.917 


1 o 

12 


O A A 

24o 


An a 

69.6 


A O 

42 


Blend with LH 3 CH 2 LN, C2H5CN, y20=l> a-C3H 7 (JN, and 














U-line 


573 


42 32 ,io 


-41 32 ,9* 


252075.949 


25 


725 


377.4 


42 


Blend with a-C 3 H 7 CN and t-HCOOH 


^7^ 

J /J 


15l2,3 - 


-14,i, 4 * 


i^iaaa i z.h 


i o 

12 


2U4 


1 nc a 


A o 
42 


1 , , TJ/'/W\II ,,.-.A /"'II /ill 

strong t-HLUUtl ana LH3UH 


577 


42i6, 27 


-41 16,26* 


rtfrti f\f\ O /T 1 

252100.361 


12 


467 


769.0 


42 


O i /'I I /\I 1 1 f A XT /7\T 1 / 1 

Strong CH3OH and C 2 H 5 CN, u,3 = l/j)2i = l 


579 


42i5,28 


-41 15,27* 


252274.857 


12 


456 


784.8 


42 


C*j. f ^ TT /""V\.T 1 / 1 

Strong C 2 H 5 CN, L>i3 = 1/^21 = 1 


Jo 1 


64i, 63 - 


-64 ,64* 


LjLLI I .jJZ 


SAO 


A70 

0/0 


33.0 


zio 
4Z 


Qlmn<» T I I f^WJ 11 — 1 /n —1 
OllOng V^.2-tl5V^.lN, V[2 — L/V21 — 1 


COT 

JS3 


64 1, 6 3 - 


-64,, 64 * 


ZjZZ 1 1 .DDL 


O AO 
SOU 


A70 
/O 


C 7 
J. / 


A O 

42 


strong L,2rl5t,iN, ^13 — 1/^21 — 1 


585 


258,18 - 


- 24 7 ,, 7 


1 C A 1 CA 1 A A 

254150.394 


12 


236 


81.3 


32 


Blend with ana U-line 


586 


13n,o - 


-12,2,1* 


254150.954 


13 


204 


1 14.2 


32 


Blend with CJri3Clrl3CU and U-line 


coo 

588 


258,17 - 


- 24 7 ,, 8 


254324.253 


12 


236 


81.3 


32 


C < ™ 1 3 /^T T /"\T T 

Strong CH3OH 


589 


42,,34 - 


-41 9 ,33 


255230.622 


14 


409 


858.3 


217 


O j- /~1 TT HAT 1 J TVTTT /"~* 1 1 S"\ 

Strong C7H5CN, 1)20 = 1 and NH 2 CHO 


590 


43 5 , 38 - 


-42 5 ,37 


255329.346 


15 


405 


895.6 


217 


O * TT /~1XT 1 / 1 J TTP "NT 1 

Strong C7H5CN, «,3 = lA>2i = l and HC 3 N, o 7 = l 


591 


41 7 ,34 - 


-40 7 ,33 


255562.496 


16 


389 


855.2 


217 


Strong S0 2 and CH 2 CH l3 CN 


592 


46 7 , 3 c, - 


- 45 8 , 38 


257971.741 


60 


454 


112.3 


1127 


Strong t-HCOOH and CH 3 CN, v g = l 


593 


43 3 i,i2 


-423i,ii* 


257980.769 


18 


7 1 A 

716 


442.3 


1 127 


Strong t-HCOOH and CH3CJN, vg = i 


595 


43,7,26 


-42 n ,25* 


257986.516 


13 


490 


777.1 


1 127 


Strong t-HCOOH and CH 3 CN, vg = l 


jy i 


55 19,36 


- 55,8,37* 


ZjoU4j. / Ld 


1 1 s 
1 lo 


Ooj 


OC.O Q 

23Z.3 


1 1 37 
1 1Z / 


oirong V^.rl3L.l>, V% — 1 


CQQ 

jyy 


43 3 2,11 


- 42 32 ,,o* 


ZjoU4o.0Z4 


00 

22 


7^7 


/lino 


1 1 07 
112/ 


otrong L-.ri3L.iN, v% — 1 


Am 

out 


16l2,4 - 


-15,1,5* 


ZjoUoO.lOl 


1 o 
12 


ono 
2U8 


1 nA o 
lUo.Z 


1 1 07 
112/ 


Strong CH3UCHU, CH3 CJN, Cg=l, and JNH2CJN 


003 


4333,10 


-42 33 ,9* 


Z581Z1.61 / 


J 1 


7cn 

Ijy 


Q70 C 
3 /S.J 


1 1 77 
112/ 


Strong CH3CJN, ^8 = 1 and CH3OCHO 


Anc 
oUj 


43,6,28 


-42,6,27* 


Z5ol50.483 


1 Q 


/17Q 


7QQ C 

/y3.j 


1 1 07 

112/ 


Strong LH3UL.hU and CH3CW, ^8 — 1 


An7 
oU/ 


43 15,29 


-42,5,28* 


Z583Z0.451 


1 Q 
13 


/I AO 


ono n 


1 1 07 

112/ 


Strong CH3CW, t>8 = l 


609 


43,3,31 


- 42,3,30 


oconm i a a 
Z589U3.344 


12 


450 


836.8 


1609 


JNoisy, blend with CH2CHCN 


610 


43 1 3,30 


- 42,3,29 


258903.558 


12 


450 


836.8 


1609 


XT" 11 1 " . 1 |3 S~ A 1 T T /" X T 

Noisy, blend with CH 2 CHCN 


611 


43,1,32 


-42u,3, 


260000.636 


13 


434 


860.9 


413 


Strong CH3OCH3 and CH 2 1J CHCN 


612 


40,9,2, 


-40i8,22* 


260004.028 


112 


478 


158.0 


413 


Strong CH3OCH3 and CH 2 13 CHCN 


614 


26s, is - 


- 257,19 


260060.358 


12 


243 


81.7 


413 


Strong C2H5CN, 1)20 = 1 and CH3OH 


615 


39,9,20 


-39,8,21* 


260060.729 


112 


466 


151.7 


413 


Strong C 2 H 5 CN, 1)20 = 1 and CH 3 OH 


617 


38,9,19 


- 38,8,20* 


260110.774 


112 


455 


145.4 


413 


Strong C2H5OH and C 2 H 5 CN, u 20 =l 


619 


14,3,1 - 


- 13,2,2* 


260151.979 


13 


207 


114.1 


413 


Strong C2H5CN, 1)20 = 1 and C 2 H 5 CN 


621 


37,9,,8 


- 37,8,19* 


260154.562 


113 


AAA 


139.0 


413 


(A . /— 1 x T /^X T 11 f ^ T T /" X T 

Strong C2H5CN, 1)20 = 1 and C 2 H 5 CN 


623 


36,9,17 


- 36,8 ,8* 


260192.478 


113 


434 


132.7 


413 


/~1 . X TT T niTA 1 riTT /~1/~\ 

Strong NH 2 CHO and CH 2 CO 


AOC 

625 


44 6 ,39 - 


-43 6 ,38 


26U2 16.245 


17 


418 


916.5 


413 


Strong C2H5CN and C2H5CJN, ^20— 1 


AO A 

o2o 


35,9,16 


- 35is,l7* 


Z60224.o9o 


113 


A OQ 

423 


1 OA O 

120.2 


A 1 1 

413 


Strong C2H5CJN, ^20 — 1 an( i C2H5CJN 


628 


34,9,15 


-34,8,16* 


T£A1C1 ion 

260252.18/ 


113 


413 


119.8 


413 


C «.-.»., .» /'"' TT ATT z" 1 ! I APTTA TTl3/^/^+ J 

Strong C2H5OH, CH3OCHO, H CO , and 


AQn 
030 


73]4,60 


- 72i5, 57 


260Z55.95o 


77 1 
/ / 1 


OAO 


OA n 
00.0 


J 1 7 

413 


C2H5CN, D,3 = l/f21 = l 

c 1 ,» p 1 1 au z' 1 t t r\rur\ T_rl3r^/^+ j 

Strong C2H5OH, CH3OCHO, H CU , and 














C2H5CN, [), 3 = 1/[) 2 , = 1 


AQ 1 
t>31 


19l9,0 - 


-19,8,1* 


OA AO AO T2 

Z60Z6Z. / 5o 


11/ 


7(17 

2y / 


n i 
y.i 


J 1 7 

413 


Strong H CO and C2H5CJN, ^13 = 1/^21 = 1 


633 


33]9,i4 


- 33,8,15 


T/'AIT/l *TlA 

260274.699 


113 


403 


1 13.3 


413 


1 /~a XT PM 1 / 1 /~1 TT P\T 1 J TT I 3 C 

Strong C 2 H 5 CN, i),3 = l/!)2i = l, C2H5CN, D20=l, and H 2 CS 


635 


20i9,i - 


- 20,8,2* 


260275.506 


117 


302 


18.2 


413 


Strong C2H5CN, [), 3 = l/t)2, = l, C2H5CN, 1)20=1, and H 2 13 CS 


637 


21,9,2 - 


- 21i8,3* 


260287.415 


116 


309 


26.7 


413 


CA . XT 1 ^ O 1 x T /"IX T "1 / 1 

Strong H 2 CS and C 2 H 5 CN, v l3 = l/v 2 i = l 


639 


32,9,,3 


- 32,8,14* 


260292.777 


113 


394 


106.7 


413 


Strong H 2 13 CS and C2H5CN, v l3 = l/v 2 i = l 


041 


22,9,3 - 


- 22,8,4* 


oAnono 0/17 
2002^6.24/ 


1 1 A 

llo 


TIC 

31j 


q a n 
34.y 


A 1 1 

413 


c^-„«~ r r 13a~*c a 1 r r a^m .. 1 /.. 1 

Strong H2 La and L.2H5L.JN, 1)13 = 1/1)21 = 1 


643 


3 1 19,12 


- 31,8,13* 


260306.755 


113 


385 


100.0 


413 


Strong C2H5CN, y, 3 =l/D 2 i = l 


645 


23 19,4 - 


- 23,8,5* 


260307.776 


116 


321 


42.8 


413 


Strong C2H5CN, ui3 = l/^2i = l 


647 


24,9,5 - 


- 24,8,6* 


260315.766 


115 


328 


50.5 


413 


Strong C2H5CN, 1)13 = 1/1121 = 1 


649 


30,9,1, 


- 30,8,12* 


260316.958 


114 


376 


93.3 


413 


Strong C2H5CN, y,3=l/D 2 i = l, CH3OCH3, and C2H5CN 


651 


25,9,6 - 


- 25,8,7 


260321.972 


115 


336 


58.0 


413 


Strong C2H5CN, yi 3 =l/i) 2 i = l, CH3OCH3, and C 2 H 5 CN 


653 


29,9,10 


-29,8,1,* 


260323.698 


114 


367 


86.5 


413 


Strong C2H5CN, yi 3 =l/i) 2 i = l, CH3OCH3, andC 2 HsCN 


655 


26i9, 7 - 


"26,8,8* 


260326.138 


115 


343 


65.4 


413 


Strong CH3OCH3 and C 2 H S CN 
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Table 10. continued. 



TV 


Transition 6 


Frequency 


Unc. 




bp 


U 


Comments 








(MHz) 


(kHz) 


(K) 


(D 2 ) 


(mK) 




/1 A 




(2) 


(3) 


(4) 


(->) 


(O) 


(l) 


(0) 


<3J 1 


2819,9 - 


- 28,8,10* 


ZoUjZ/.zoI 


1 1 A 

1 14 


"2 £n 

jjy 


Ht\ A 

ly.b 


All 

413 


strong L.rl3UL.rl3 ana L^risClN 




27 19,8 - 


- 27is,9* 


l&ftHl QQQ 
ZOujZ / .yyy 


1 1 A 
1 14 


jj 1 


70 ^ 
/ Z.J 


Al 1 
41J 


oirong v 1 1 } wv. 1 1 ; ana ^-2^5^-^ 


AA 1 


43 9 ,34 - 


- 42,33 


ZojjUU.Uoz 


1 Q 

lo 


4zz 


001 1 
ool.l 


HA 

/4 


T) i ,,,, , i f ^ 1 1 Ur^xT a f '\ I f"*/" 1 ! 1 

rslena witn L^ris anc * W3UL.rl3 


OOZ 


37 73 i - 


- 366,30 


ZoJOJO.OOZ 


1 A 

14 


q a n 
34U 


OCA 
SJ.O 


1 no 
lOo 


strong UH3(JL,H3 


663 


44 23 ,2i 


- 4323,20* 


263662.413 


12 


583 


684.9 


1 no 

108 


Strong CH3OCH3, HNCO, and HC CCN, 117 = 1 


665 


44 24 ,20 


-4324.19* 


263666.216 


12 


599 


662.1 


108 


Strong CH3OCH3, HNCO, and HC CCN, u 7 =l 


667 


44 22 ,22 


- 4322,21 * 


263671.555 


13 


568 


706.8 


108 


Strong CH3OCH3, HNCO, and HC"CCN, u 7 = l 


669 


44 25 , 19 


-4325,18* 


263681.350 


13 


616 


638.2 


108 


Strong HC 13 CCN, d 7 =1, HNCO, and HN 13 CO 


671 


44 2 i, 23 


- 4321,22* 


263695.661 


13 


554 


727.7 


108 


Strong HCC 13 CN, d 7 = 1 and C 2 H 5 OH 


673 


44 26 , 18 


-43 2 6,17* 


263706.506 


13 


633 


613.4 


108 


Strong HCC 13 CN, d 7 = 1 


675 


44 20 , 24 


- 4320,23 


263737.291 


14 


540 


747.7 


108 


Strong HNCO 


677 


44 27 , 17 


-43 27 ,,6* 


263740.615 


14 


651 


587.6 


108 


Strong HNCO 


679 


44 28 , 16 


-43 28 ,,5* 


263782.797 


15 


669 


560.8 


108 


Strong HC 3 N and CH 3 OH, u,=l 


681 


44,9,25 


-43,9,24* 


263799.727 


14 


527 


766.8 


108 


O , ito x T /"ll I ATT 1 1 Tin X T 1 / O 

Strong HC 3 N, CH 3 OH, v,= \, and HC3N, i;5 = 1/d 7 =3 


083 


44 29 ,i5 


- 4329,14* 


Z03o3z.314 


1 a 
lo 


ACQ 


J33.U 


1 no 
lUo 


Dlan^ iiri^V. XTXJ PUn o«^l TT UnaO 

Ulena witn JNH2LIIU ana U-line; 


685 


38732 - 


- 376,31 


^£10^1 A*7A 

263847.676 


1 A 

14 


351 


91.4 


1 no 

108 


Blend with NH2CHO 


686 


47 2 , 45 - 


-463,44* 


O^QO/Cn AO A 

2o3ooU.454 


28 


434 


344.1 


108 


T31^*.J f TT /~\TT „ ,J /"i TT 13/" 'M 

Blend with C2H5OH and C2H5 CN 


688 


47 2 ,45 - 


-46 2 ,44* 


263860.546 


28 


434 


992.8 


108 


T~l 1 1 -.1 /—1 XT /"Nil j XT 1 ^^\T 

Blend with C2H5OH and C2H5 CN 


690 


44,8,26 


-43,8,25* 


263887.257 


14 


514 


784.7 


108 


C\ . /"ITT /"ITT /"*■ f ~\ J TTTvT/~l/^\ 1 

Strong CH3CH3CO and HNCO, 1)4=1 


692 


44 30 ,,4 


- 4330,13 


263888.552 


16 


708 


504.4 


108 


Strong CH3CH3CO and HNCO, y 4 =l 


694 


44 17 , 27 


-43,7,26* 


264005.588 


14 


502 


801.8 


108 


Strong CH 3 13 CH 2 CN 


696 


17,2,5 - 


-16,1,6* 


264068.075 


12 


213 


106.9 


108 


T~l 1 1 ".1 /"ITT riTT f~\ 1 

Blend with CH3CH3CO, v,=\ 


698 


46 4 , 42 - 


- 45 5 ,4i 


266675.648 


20 


436 


260.6 


91 


Strong 13 CS and C 2 H5 13 CN 


A.QQ 

oyy 


46 5 ,42 - 


- 45 5 ,4i 


ZOO /U / . 1 O 


on 
ZU 


4.30 


QAO 7 


Q1 

yi 


otrong Url3L*rl 


700 


29 6 ,23 - 


- 285,24 


266722.756 


11 


258 


39.0 


91 


Blend with C 2 H 5 CN, y 13 = l/y 21 = l, CH3CH3CO, v,=l, and U-line 


701 


46442 - 


- 45 4 ,4i 


266722.874 


20 


436 


962.6 


91 


Blend with C 2 H 5 CN, y 13 = l/y 21 = l, CH3CH3CO, v,=l, and U-line 


702 


46542 - 


- 45 4 ,4i 


266754.401 


20 


436 


260.6 


91 


Blend with U-line 


703 


44 8 , 37 • 


-43 8 ,36 


266788.303 


20 


429 


909.3 


91 


Blend with U-line 


704 


44,0,35 


- 43,0,34 


266958.528 


17 


440 


893.9 


91 


Blend with C 2 H 5 OH and U-line 


705 


44,0,34 


- 44 7 ,37 


267152.855 


100 


440 


8.9 


91 


Strong NH 2 13 CHO, CH3CH3CO, and C 2 H 5 CN, y , 3 = l/i, 2 , = l 


706 


43 7 , 36 - 


- 42 7 ,35 


267157.130 


20 


414 


897.1 


91 


Strong NH 2 13 CHO, CH 3 CH 3 CO, and C 2 H 5 CN, y 13 =l/D 2 , = l 



Notes: " Numbering of the observed transitions associated with a modeled line stronger than 20 mK. 6 Transitions marked with a * are double with 
a frequency difference less than 0. 1 MHz. The quantum numbers of the second one are not shown. c Frequency uncertainty. d Lower energy level 
in temperature units (Ei/k B ). e Calculated rms noise level in T mb scale. 
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Fig. 3. Transitions of the a«f/-conformer of n-propyl cyanide (PrCN-a) detected with the IRAM 30 m telescope. Each panel consists 
of two plots and is labeled in black in the upper right corner. The lower plot shows in black the spectrum obtained toward Sgr B2(N) 
in main-beam brightness temperature scale (K), while the upper plot shows the spectrum toward Sgr B2(M). The rest frequency axis 
is labeled in GHz. The systemic velocities assumed for Sgr B2(N) and (M) are 64 and 62 km s _I , respectively. The lines identified 
in the Sgr B2(N) spectrum are labeled in blue. The top red label indicates the PrCN-a transition centered in each plot (numbered 
like in Col. 1 of TablefTTt. along with the energy of its lower level in K {Ei/Icb). The other PrCN-a lines are labeled in blue only. The 
bottom red label is the feature number (see Col. 8 of Table fTTb. The green spectrum shows our LTE model containing all identified 
molecules, including PrCN-a. The LTE synthetic spectrum of PrCN-a alone is overlaid in red, and its opacity in dashed violet. All 
observed lines which have no counterpart in the green spectrum are still unidentified in Sgr B2(N). 
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Fig. 3. (continued) 
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Table 6. Transitions of anti-n-propyl cyanide, employed in the present fits, their frequencies (MHz), uncertainties Unc. (kHz), and residuals 
O-C (kHz) between frequencies measured in the laboratory and those calculated from the final spectroscopic parameters. Unresolved asymmetry 
splitting (two transitions having the same K a and the same transition frequency) has been treated as intensity-weighted average of the two lines. 



J' 7 K' a , K' c 


— 




Frequency 


Unc. 


O-C 


2, 1, 2 


— 


1, 1, 1 


8727.068 


10 


-3 


2, 0, 2 


— 


1, 0, 1 


8841.749 


10 


4 


2, 1, 1 


— 


1, 1, 


8957.437 


10 


3 


4, 1, 4 


— 


3, 1, 3 


17453.162 


10 


12 


3, 0, 3 


— 


2, 0, 2 


13261.436 


5 


1 


3, 1, 3 


— 


2, 1, 2 


13090.304 


5 


8 


3, 1, 2 


— 


2, 1, 1 


13435.836 


5 


3 


3, 2, 2 


— 


2, 2, 1 


13263.547 


5 


-2 


3,2, 1 


— 


2, 2, 


13265.404 


5 


-0 


4, 2, 3 


— 


3, 2, 2 


17684.317 


5 


-10 


4, 3, 2 


— 


3, 3, 1 


17686.050 


5 


2 


4,3, 1 


— 


3, 3, 


17686.050 


5 


2 


4, 2, 2 


— 


3, 2, 1 


17688.965 


5 


2 


5, 3, 3 


— 


4, 3, 2 


22107.924 


5 


1 


5, 3, 2 


— 


4, 3, 1 


22107.924 


5 


1 


5,4, 2 


— 


4,4, 1 


22108.119 


5 


1 


5,4, 1 


— 


4, 4, 


22108.119 


5 


1 


9, 1, 8 


— 


9, 0, 9 


24166.242 


5 


7 


10, 1, 9 


— 


10, 0, 10 


24799.350 


5 


3 


11, 1, 10 


— 


11, 0, 11 


25508.602 


5 





12, 1, 11 


— 


12, 0, 12 


26297.469 


5 


-2 


11, 2, 10 


— 


12, 1, 11 


6897.938 


5 


-4 


16, 1, 15 


— 


15, 2, 14 


13992.090 


5 


-1 


17, 1, 16 


— 


16, 2, 15 


19339.460 


5 


1 


19, 1, 19 


— 


18, 2, 16 


6197.075 


5 


-1 


17, 3, 15 


— 


18, 2, 16 


26095.072 


5 


-3 


18, 3, 16 


— 


19, 2, 17 


21310.053 


5 


1 


19, 3, 16 


— 


20, 2, 19 


19831.330 


5 


5 


20, 3, 18 


— 


21, 2, 19 


11569.979 


5 


-1 


21, 3, 19 


— 


22, 2, 20 


6607.331 


5 


-0 


22, 3, 19 


— 


23, 2, 22 


7318.534 


5 


2 


26, 2, 25 


— 


25, 3, 22 


4813.248 


5 


-1 


26, 2, 24 


— 


25, 3, 23 


13932.516 


5 


-7 


28, 2, 26 


— 


27, 3, 25 


24644.757 


5 


-0 


28, 2, 27 


— 


27, 3, 24 


12629.848 


5 


4 


29, 2, 28 


— 


28, 3, 25 


16441.572 


5 


-1 


30, 2, 29 


— 


29, 3, 26 


20181.553 


5 


-0 


31, 2, 30 


— 


30, 3, 27 


23843.940 


5 





27, 4, 24 


— 


28, 3, 25 


25160.533 


5 


3 


27, 4, 23 


— 


28, 3, 26 


26014.363 


5 


-8 


28, 4, 25 


— 


29, 3, 26 


20523.876 


5 


5 


28, 4, 24 


— 


29, 3, 27 


21572.582 


5 


-10 


29, 4, 26 


— 


30, 3, 27 


15856.700 


5 


6 


29, 4, 25 


— 


30, 3, 28 


17135.390 


5 


-4 


30, 4, 27 


— 


31, 3, 28 


11155.783 


5 


2 


30, 4, 26 


— 


31, 3, 29 


12704.192 


5 


-2 


31, 4, 28 


— 


32, 3, 29 


6417.726 


5 


3 


31, 4, 27 


— 


32, 3, 30 


8280.581 


5 


2 


36, 3, 33 


— 


35, 4, 32 


12979.624 


5 


4 


36, 3, 34 


— 


35,4, 31 


9299.790 


5 


-2 


on n o c 

J /, J, JJ 




30, 4, jZ 


1 jOjj.Uo / 


c 

J 


A 

—4 


38, 3,35 




37, 4, 34 


22999.972 


5 


6 


39, 3, 37 




38, 4, 34 


22299.091 


5 


3 


37, 5, 32 




38,4, 35 


24129.041 


5 


4 


38, 5, 34 




39, 4, 35 


19274.638 


5 


-2 


38,5,33 




39, 4, 36 


19621.858 


5 


1 


39, 5, 34 




40, 4, 37 


15110.833 


5 





35, 0, 35 




34, 0, 34 


152420.07 


50 


10 


35, 2, 33 




34, 2, 32 


156362.10 


50 


-19 
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Table 6. continued. 



A K ' a > K 




/" 


. K 'a'< K c 


Frequency 


Unc. 


O-C 


35, 6, 29 


— 


34, 


6, 28 


154794.60 


50 


5 


35, 6, 30 


— 


34, 


6, 29 


154794.60 


50 


5 


35, 7, 28 


— 


34, 


7, 27 


154778.85 


50 


-24 


35, 7, 29 


— 


34, 


7, 28 


154778.85 


50 


-24 


35, 8, 27 


— 


34, 


8, 26 


154773.84 


50 


-40 


35, 8, 28 


— 


34, 


8, 27 


154773.84 


50 


-40 


35, 9, 26 


— 


34, 


9, 25 


154775.62 


50 


-38 


35, 9, 27 


— 


34, 


9, 26 


154775.62 


50 


-38 


35, 10, 26 


— 


34, 


10, 25 


154782.18 


50 


-3 


35, 10, 25 


— 


34, 


10, 24 


154782.18 


50 


-3 


35, 11, 25 


— 


34, 


11, 24 


154792.35 


50 


22 


35, 11, 24 


— 


34, 


11, 23 


154792.35 


50 


22 


35, 12, 24 


— 


34, 


12, 23 


154805.40 


50 


-28 


35, 12, 23 


— 


34, 


12, 22 


154805.40 


50 


-28 


36, 0, 36 


— 


35, 


0, 35 


156709.22 


50 


-7 


36, 1, 36 


— 


35, 


1, 35 


156376.78 


50 


-9 


36, 2, 34 


— 


35, 


2, 33 


160851.40 


50 


-55 


36, 2, 35 


— 


35, 


2, 34 


158511.09 


50 


15 


36, 3, 33 


— 


35, 


3, 32 


159816.09 


50 


-55 


36, 3, 34 


— 


35, 


3, 33 


159295.56 


50 


-7 


36, 4, 32 


— 


35, 


4, 31 


159360.35 


50 


-6 


36, 4, 33 


— 


35, 


4, 32 


159324.49 


50 


-4 


36, 5, 31 


— 


35, 


5, 30 


159258.14 


50 


-38 


36, 5, 32 


— 


35, 


5, 31 


159256.97 


50 


14 


36, 6, 31 


— 


35, 


6, 30 


159218.77 


50 


-44 


36, 6, 30 


— 


35, 


6, 29 


159218.77 


50 


-44 


36, 7, 30 


— 


35, 


7, 29 


159201.12 


50 


4 


36, 7, 29 


— 


35, 


7, 28 


159201.12 


50 


4 


36, 8, 29 


— 


35, 


8, 28 


159194.99 


50 


-15 


36, 8, 28 


— 


35, 


8, 27 


159194.99 


50 


-15 


36, 13, 24 


— 


35, 


13, 23 


159241.59 


50 


7 


36, 13, 23 


— 


35, 


13, 22 


159241.59 


50 


7 


36, 14, 23 


— 


35, 


14, 22 


159259.85 


50 


6 


36, 14, 22 


— 


35, 


14, 21 


159259.85 


50 


6 


36, 15, 22 


— 


35, 


15, 21 


159280.32 


50 


26 


36, 15, 21 


— 


35, 


15, 20 


159280.32 


50 


26 


36, 16, 21 


— 


35, 


16, 20 


159302.83 


50 


28 


36, 16, 20 


— 


35, 


16, 19 


159302.83 


50 


28 


36, 17, 20 


— 


35, 


17, 19 


159327.32 


50 


42 


36, 17, 19 


— 


35, 


17, 18 


159327.32 


50 


42 


36, 18, 19 


— 


35, 


18, 18 


159353.76 


50 


100 


36, 18, 18 


— 


35, 


18, 17 


159353.76 


50 


100 


37, 0, 37 


— 


36, 


0, 36 


160998.16 


50 


12 


37, 1, 37 


— 


36, 


1, 36 


160691.64 


50 


25 


48, 1,47 


— 


47, 


1,46 


211856.19 


50 


11 


48, 2, 47 


— 


47, 


2, 46 


210741.48 


50 


-115 


48, 2, 46 


— 


47, 


2,45 


214343.68 


50 


15 


48, 3, 46 


— 


47, 


3,45 


212219.54 


50 


25 


48, 4, 45 


— 


47, 


4,44 


212517.79 


50 


5 


48, 4, 44 


— 


47, 


4, 43 


212766.64 


50 


-12 


48, 5, 44 


— 


47, 


5,43 


212415.06 


50 


-32 


48, 5, 43 


— 


47, 


5,42 


212430.89 


50 


12 


48, 6, 43 


— 


47, 


6, 42 


212320.28 


50 


40 


48, 6, 42 


— 


47, 


6,41 


212320.77 


50 


-59 


A o n a O 




An 

47, 


1 A 1 

7, 41 


21220 1 . /y 


J<J 


on 

— zy 


48,7,41 




47, 


7, 40 


212267.79 


50 


-29 


48, 8,41 




47, 


8,40 


212241.20 


50 


2 


48, 8, 40 




47, 


8,39 


212241.20 


50 


2 


48, 9, 40 




47, 


9, 39 


212230.19 


50 


-42 


48, 9, 39 




47, 


9,38 


212230.19 


50 


-42 


48, 10, 39 




47, 


10,38 


212229.67 


50 


28 
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Table 6. continued. 



A K< K 




/" 


. K 'a'< K c 


Frequency 


Unc. 


O-C 


48, 10, 38 


— 


47, 


10, 37 


212229.67 


50 


28 


48, 12, 37 


— 


47, 


12, 36 


212249.06 


50 


-46 


48, 12, 36 


— 


47, 


12, 35 


212249.06 


50 


-46 


48, 13, 36 


— 


47, 


13, 35 


212266.32 


50 


-39 


48, 13, 35 


— 


47, 


13, 34 


212266.32 


50 


-39 


48, 14, 35 


— 


47, 


14, 34 


212287.59 


50 


14 


48, 14, 34 


— 


47, 


14, 33 


212287.59 


50 


14 


48, 15, 34 


— 


47, 


15, 33 


212312.29 


50 


-1 


48, 15, 33 


— 


47, 


15, 32 


212312.29 


50 


-1 


48, 16, 33 


— 


47, 


16, 32 


212340.19 


50 


3 


48, 16, 32 


— 


47, 


16, 31 


212340.19 


50 


3 


48, 17, 32 


— 


47, 


17, 31 


212371.06 


50 


18 


48, 17, 31 


— 


47, 


17, 30 


212371.06 


50 


18 


48, 18, 31 


— 


47, 


18, 30 


212404.72 


50 


21 


48, 18, 30 


— 


47, 


18, 29 


212404.72 


50 


21 


48, 19, 30 


— 


47, 


19, 29 


212441.11 


50 


64 


48, 19, 29 


— 


47, 


19, 28 


212441.11 


50 


64 


48, 20, 29 


— 


47, 


20, 28 


212480.03 


50 


26 


48, 20, 28 


— 


47, 


20, 27 


212480.03 


50 


26 


48, 21, 28 


— 


47, 


21, 27 


212521.49 


50 


-24 


48, 21, 27 


— 


47, 


21, 26 


212521.49 


50 


-24 


48, 22, 27 


— 


47, 


22, 26 


212565.54 


50 


2 


48, 22, 26 


— 


47, 


22, 25 


212565.54 


50 


2 


48, 23, 26 


— 


47, 


23, 25 


212611.99 


50 


-58 


48, 23, 25 


— 


47, 


23, 24 


212611.99 


50 


-58 


49, 0, 49 


— 


48, 


0, 48 


212476.62 


50 


100 


49, 1, 49 


— 


48, 


1, 48 


212378.48 


50 


62 


49, 2, 48 


— 


48, 


2, 47 


215077.17 


50 


14 


49, 4, 46 


— 


48, 


4, 45 


216949.09 


50 


-14 


49, 16, 34 


— 


48, 


16, 33 


216757.71 


50 


9 


49, 16, 33 


— 


48, 


16, 32 


216757.71 


50 


9 


49, 17, 33 


— 


48, 


17, 32 


216789.07 


50 


45 


49, 17, 32 


— 


48, 


17, 31 


216789.07 


50 


45 


49, 20, 30 


— 


48, 


20, 29 


216899.87 


50 


3 


49, 20, 29 


— 


48, 


20, 28 


216899.87 


50 


3 


50, 0, 50 


— 


49, 


0, 49 


216767.70 


50 


-21 


50, 3, 48 


— 


49, 


3, 47 


221009.11 


50 


7 


50, 7, 44 


— 


49, 


7, 43 


221112.20 


50 


-26 


50, 7, 43 


— 


49, 


7, 42 


221112.20 


50 


-26 


50, 8, 43 


— 


49, 


8, 42 


221080.73 


50 


-13 


50, 8, 42 


— 


49, 


8,41 


221080.73 


50 


-13 


50, 9, 42 


— 


49, 


9,41 


221066.76 


50 


-28 


50, 9,41 


— 


49, 


9, 40 


221066.76 


50 


-28 


50, 10,41 


— 


49, 


10, 40 


221064.35 


50 


-25 


50, 10, 40 


— 


49, 


10, 39 


221064.35 


50 


-25 


50, 11,40 


— 


49, 


11, 39 


221070.19 


50 


-11 


50, 11, 39 


— 


49, 


11, 38 


221070.19 


50 


-11 


50, 12, 39 


— 


49, 


12, 38 


221082.34 


50 


28 


50, 12, 38 


— 


49, 


12, 37 


221082.34 


50 


28 


50, 13, 38 


— 


49, 


13, 37 


221099.49 


50 


-5 


50, 13, 37 


— 


49, 


13, 36 


221099.49 


50 


-5 


50, 14, 37 


— 


49, 


14, 36 


221121.05 


50 


85 


50, 14, 36 


— 


49, 


14, 35 


221121.05 


50 


85 


50, 20,31 


— 


49, 


20, 30 


221319.17 


50 


-141 


cr\ or\ ir\ 
jU, ZU, jU 




4y, 


on on 

zu, zy 


OO T310 17 

ZZ 1 i ly.l 1 


OU 


1/11 

— 141 


51,0,51 




50, 


0, 50 


221059.01 


50 


-5 


51, 1,51 




50, 


1,50 


220979.61 


50 


32 


64, 6, 59 




63, 


6,58 


283158.51 


50 


-21 


64, 6, 58 




63, 


6, 57 


283171.68 


50 


33 


64, 7, 58 




63, 


7, 57 


283022.98 


50 


14 


64, 7, 57 




63, 


7, 56 


283022.98 


50 


14 
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Table 6. continued. 



A K< K 




/" 


. K 'a'< K 'c 


Frequency 


Unc. 


O-C 


64, 8, 57 


— 


63, 


8, 56 


282943.15 


50 


24 


64, 8, 56 


— 


63, 


8, 55 


282943.15 


50 


24 


64, 9, 56 


— 


63, 


9, 55 


282898.81 


50 


1 


64, 9, 55 


— 


63, 


9, 54 


282898.81 


50 


1 


64, 10, 55 


— 


63, 


10, 54 


282877.00 


50 


-26 


64, 10, 54 


— 


63, 


10, 53 


282877.00 


50 


-26 


64, 11, 54 


— 


63, 


11, 53 


282870.71 


50 


-11 


64, 11, 53 


— 


63, 


11, 52 


282870.71 


50 


-11 


64, 12, 53 


— 


63, 


12, 52 


282875.72 


50 


-41 


64, 12, 52 


— 


63, 


12, 51 


282875.72 


50 


-41 


64, 13, 52 


— 


63, 


13, 51 


282889.55 


50 


-38 


64, 13, 51 


— 


63, 


13, 50 


282889.55 


50 


-38 


64, 14, 51 


— 


63, 


14, 50 


282910.51 


50 


-38 


64, 14, 50 


— 


63, 


14, 49 


282910.51 


50 


-38 


64, 15, 50 


— 


63, 


15, 49 


282937.54 


50 


6 


64, 15, 49 


— 


63, 


15, 48 


282937.54 


50 


6 


64, 16, 49 


— 


63, 


16, 48 


282969.81 


50 


25 


64, 16, 48 


— 


63, 


16, 47 


282969.81 


50 


25 


64, 17, 48 


— 


63, 


17, 47 


283006.76 


50 


-3 


64, 17, 47 


— 


63, 


17, 46 


283006.76 


50 


-3 


64, 18, 47 


— 


63, 


18, 46 


283048.15 


50 


64 


a A io A c 
64, is, 46 




63, 


lo, 45 


283045.15 


50 


H A 

64 


64, 19, 46 




63, 


19, 45 


283093.46 


50 


-14 


64, 19, 45 




63, 


19,44 


283093.46 


50 


-14 


64, 20, 45 




63, 


20,44 


283142.77 


50 


47 


64, 20, 44 




63, 


20, 43 


283142.77 


50 


47 


64,21,44 




63, 


21,43 


283195.66 


50 


-22 


64,21,43 




63, 


21,42 


283195.66 


50 


-22 
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Table 7. Transitions of gauche-n-piopy\ cyanide, employed in the present fits, their frequencies (MHz), uncertainties Unc. (kHz), and residuals 
O-C (kHz) between frequencies measured in the laboratory and those calculated from the final spectroscopic parameters. Unresolved asymmetry 
splitting (two transitions having the same K a and the same transition frequency) has been treated as intensity-weighted average of the two lines. 



J' 7 K'a, K'c 


— 


J , K a , K c 


Frequency 


Unc. 


O-C 


2, 0, 2 


— 


1, 0, 1 


11912.654 


10 


-18 


2, 1, 2 


— 


1, 1, 1 


11384.045 


10 


-0 


2, 1, 1 


— 


1, 1, 


12508.374 


10 


-10 


3, 0, 3 


— 


2, 0, 2 


17785.949 


10 


6 


3, 1, 3 


— 


2, 1, 2 


17055.610 


5 


1 


2, 1, 2 


— 


1, 0, 1 


18176.781 


5 


1 


4, 1, 3 


— 


4, 0,4 


10286.601 


5 





5, 1, 4 


— 


5, 0, 5 


12167.868 


5 


-3 


6, 1,5 


— 


6, 0, 6 


14609.404 


5 


1 


7, 1, 6 


— 


7, 0, 7 


17634.822 


5 


1 


2, 2, 1 


— 


2, 1, 2 


22064.261 


5 





24, 3, 21 


— 


25, 2, 24 


5073.952 


5 





10, 3, 7 


— 


9, 4, 6 


12670.827 


5 


-2 


11, 3, 9 


— 


10, 4, 6 


16546.819 


5 


-3 


28, 3, 26 


— 


27, 4, 23 


19891.929 


5 


1 


36, 4, 32 


— 


37, 3, 35 


19547.899 


5 


1 


13,4, 10 


— 


12, 5, 7 


15362.409 


5 





38,4, 35 


— 


37, 5, 32 


9991.617 


5 





39, 4, 36 


— 


38, 5, 33 


5311.217 


5 


1 


15, 5, 10 


— 


14, 6, 9 


13597.769 


5 


1 


12, 7, 6 


— 


13, 6, 7 


13549.701 


5 


-1 


12, 7, 5 


— 


13, 6, 8 


13551.095 


5 


5 


13, 7, 7 


— 


14, 6, 8 


7398.401 


5 


-2 


13, 7, 6 


— 


14, 6, 9 


7401.855 


5 


4 


15, 8, 8 


— 


16, 7, 9 


9498.238 


5 


-4 


15, 8, 7 


— 


16, 7, 10 


9498.794 


5 


-5 


19, 7, 12 


— 


18, 8, 11 


9123.186 


5 


-1 


19, 7, 13 


— 


18, 8, 10 


9116.781 


5 


-1 


20, 7, 14 


— 


19, 8, 11 


15398.422 


5 





22, 8, 14 


— 


21, 9, 13 


13221.090 


5 


-0 


22, 8, 15 


— 


21, 9, 12 


13218.792 


5 


-2 


23, 8, 15 


— 


22, 9, 14 


19511.211 


5 


2 


23, 8, 16 


— 


22, 9, 13 


19506.528 


5 





19, 10, 10 


— 


20, 9, 1 1 


13681.725 


5 


-1 


19, 10, 9 


— 


20, 9, 12 


13681.725 


5 


-1 


25, 9, 17 


— 


24, 10, 14 


17310.401 


5 


-6 


25, 9, 16 


— 


24, 10, 15 


17311.214 


5 


2 


26, 9, 18 


— 


25, 10, 15 


23599.302 


5 


2 


26, 9, 17 


— 


25, 10, 16 


23600.945 


5 


11 


28, 10, 19 


— 


27, 11, 16 


21388.390 


5 


-9 


28, 10, 18 


— 


27, 11, 17 


21388.670 


5 


-6 


26, 13, 14 


— 


27, 12, 15 


13813.369 


5 


-3 


26, 13, 13 


— 


27, 12, 16 


13813.369 


5 


-3 


22,4, 18 


— 


22, 4, 19 


25543.715 


5 


-1 


25, 5, 20 


— 


25, 5, 21 


16254.957 


5 


2 


26, 5, 21 


— 


26, 5, 22 


21090.090 


5 


-1 


30, 6, 24 


— 


30, 6, 25 


16246.388 


5 


1 


31, 6, 25 


— 


31, 6, 26 


21145.902 


5 


1 


34, 7, 27 


— 


34, 7, 28 


11727.780 


5 


-2 


36, 7, 29 


— 


36, 7, 30 


20572.880 


5 


-2 


J /, /, JVJ 




on n o i 
J /, /, J 1 


ZoZj / .yii 


c 

J 


A 

4 


39,8,31 




39, 8, 32 


11013.037 


5 


-2 


25,5,21 




24, 4, 20 


182990.23 


50 


19 


26, 6, 21 




25, 6, 20 


157628.25 


50 


16 


26, 7, 19 




25,7, 18 


157477.90 


50 


8 


26, 10, 17 




25, 10, 16 


156296.53 


50 


-59 


26, 10, 16 




25, 10, 15 


156296.53 


50 


-59 


26, 11, 16 




25, 11, 15 


156141.79 


50 


65 


26, 11, 15 




25, 11, 14 


156141.79 


50 


65 
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Table 7. continued. 



J\ K< K 


— 


/' 


' K a> K c 


Frequency 


Unc. 


O-C 


26, 12, 15 


— 


25, 


12, 14 


156032.20 


50 


-22 


26, 12, 14 


— 


25, 


12, 13 


156032.20 


50 


-22 


26, 13, 14 


— 


25, 


13, 13 


155954.49 


50 


-56 


26, 13, 13 


— 


25, 


13, 12 


155954.49 


50 


-56 


26, 14, 13 


— 


25, 


14, 12 


155900.13 


50 


-0 


26, 14, 12 


— 


25, 


14, 11 


155900.13 


50 


-0 


26, 15, 12 


— 


25, 


15, 11 


155863.29 


50 


-10 


26, 15, 11 


— 


25, 


15, 10 


155863.29 


50 


-10 


26, 17, 10 


— 


25, 


17,9 


155827.91 


50 


-33 


26, 17, 9 


— 


25, 


17, 8 


155827.91 


50 


-33 


26, 18, 9 


— 


25, 


18, 8 


155824.64 


50 


-20 


26, 18, 8 


— 


25, 


18, 7 


155824.64 


50 


-20 


26, 19, 8 


— 


25, 


19, 7 


155828.81 


50 


-17 


26, 19, 7 


— 


25, 


19, 6 


155828.81 


50 


-17 


28, 1, 27 


— 


27, 


1, 26 


157495.25 


50 


-33 


28, 2, 27 


— 


27, 


1, 26 


157503.23 


50 


-51 


28, 1, 27 


— 


27, 


2, 26 


157482.64 


50 


46 


28, 2, 27 


— 


27, 


2, 26 


157490.60 


50 


8 


29, 5, 25 


— 


28, 


4, 24 


189805.28 


50 


48 


30, 4, 27 


— 


29, 


3, 26 


178167.69 


50 


31 


30, 4, 26 


— 


29, 


4, 25 


182703.13 


50 


-23 


30, 5, 26 


— 


29, 


4, 25 


192210.43 


50 


32 


30, 7, 23 


— 


29, 


7, 22 


182961.27 


50 


-29 


31, 2, 29 


— 


30, 


2, 28 


177803.90 


50 


-13 


31, 3, 29 


— 


30, 


2, 28 


177857.94 


50 


-1 


31, 2, 29 


— 


30, 


3, 28 


177721.22 


50 


6 


31, 3, 29 


— 


30, 


3, 28 


177775.23 


50 


-12 


31, 3, 28 


— 


30, 


3, 27 


182248.22 


50 


-22 


31,4, 28 


— 


30, 


3, 27 


183077.55 


50 


26 


31, 3, 28 


— 


30, 


4, 27 


181050.65 


50 


36 


31,4, 27 


— 


30, 


5, 26 


178318.43 


50 


156 


31, 5, 26 


— 


30, 


5, 25 


192803.61 


50 


6 


31, 7, 25 


— 


30, 


7, 24 


188156.51 


50 


-20 


31, 7, 24 


— 


30, 


7, 23 


189515.12 


50 


-74 


31, 8, 23 


— 


30, 


8, 22 


187858.13 


50 


9 


32, 2, 30 


— 


31, 


2, 29 


183183.36 


50 


18 


32, 3, 30 


— 


31, 


2, 29 


183218.50 


50 


28 


32, 2, 30 


— 


31, 


3, 29 


183129.35 


50 


37 


32, 3, 30 


— 


31, 


3, 29 


183164.45 


50 


6 


32, 4, 29 


— 


31, 


3, 28 


188119.54 


50 


-5 


32, 4, 28 


— 


31, 


4, 27 


192927.96 


50 


-13 


32, 4, 28 


— 


31, 


5, 27 


185714.09 


50 


6 


32, 10, 23 


— 


31, 


10, 22 


192852.63 


50 


-4 


32, 10, 22 


— 


31, 


10, 21 


192854.42 


50 


-4 


32, 12, 21 


— 


31, 


12, 20 


192320.23 


50 


5 


32, 12, 20 


— 


31, 


12, 19 


192320.23 


50 


5 


32, 13, 20 


— 


31, 


13, 19 


192158.76 


50 


-19 


32, 13, 19 


— 


31, 


13, 18 


192158.76 


50 


-19 


32, 14, 19 


— 


31, 


14, 18 


192040.62 


50 


14 


32, 14, 18 


— 


31, 


14, 17 


192040.62 


50 


14 


33, 2, 31 


— 


32, 


2, 30 


188564.34 


50 


-33 


33, 3, 31 


— 


32, 


2, 30 


188587.13 


50 


13 


33, 2, 31 


— 


32, 


3, 30 


188529.24 


50 


-2 


33, 3, 31 


— 


32, 


3, 30 


188551.94 


50 


-47 


n i ir\ 

JJ, J, JU 




51, 


i on 


iy/o / 1.1 / 


<n 
jU 


i 
—j 


33,4, 30 




32, 


3,29 


193259.00 


50 


18 


33,3, 30 




32, 


4, 29 


192301.88 


50 


-16 


33,4, 30 




32, 


4, 29 


192689.70 


50 


-5 


33, 4, 29 




32, 


5,28 


192663.51 


50 


12 


34, 2, 32 




33, 


2,31 


193946.21 


50 


-59 


34, 3, 32 




33, 


2,31 


193960.95 


50 


14 
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Table 7. continued. 



A K< K 




/' 


. K a< K c 


Frequency 


Unc. 


O-C 


34, 2, 32 


— 


33, 


3, 31 


193923.55 


50 


26 


34, 3, 32 


— 


33, 


3, 31 


193938.16 


50 


-32 


34, 6, 28 


— 


33, 


6, 27 


212120.06 


50 


3 


35, 6, 29 


— 


34, 


6, 28 


218287.17 


50 


-26 


35, 7, 29 


— 


34, 


7, 28 


212483.75 


50 


16 


35, 8, 28 


— 


34, 


8, 27 


212458.29 


50 


-13 


35, 9, 27 


— 


34, 


9, 26 


211828.06 


50 


142 


35, 9, 26 


— 


34, 


9, 25 


211938.01 


50 


7 


36, 4, 32 


— 


35, 


5, 31 


211527.01 


50 


14 


36, 10, 27 


— 


35, 


10, 26 


217402.38 


50 


-15 


36, 10, 26 


— 


35, 


10, 25 


217418.12 


50 


-2 


36, 11, 26 


— 


35, 


11, 25 


216940.59 


50 


-30 


36, 11,25 


— 


35, 


11, 24 


216941.74 


50 


33 


36, 12, 25 


— 


35, 


12, 24 


216609.17 


50 


-33 


36, 12, 24 


— 


35, 


12, 23 


216609.17 


50 


-33 


36, 13, 24 


— 


35, 


13,23 


216367.23 


50 


-1 


36, 13, 23 


— 


35, 


13, 22 


216367.23 


50 


-1 


36, 14, 23 


— 


35, 


14, 22 


216188.17 


50 


23 


36, 14, 22 


— 


35, 


14, 21 


216188.17 


50 


23 


36, 16, 21 


— 


35, 


16, 20 


215956.57 


50 


-26 


36, 16, 20 


— 


35, 


16, 19 


215956.57 


50 


-26 


36, 17, 20 


— 


35, 


17, 19 


215885.18 


50 


-12 


36, 17, 19 


— 


35, 


17, 18 


215885.18 


50 


-12 


36, 18, 19 


— 


35, 


18, 18 


215835.30 


50 


9 


36, 18, 18 


— 


35, 


18, 17 


215835.30 


50 


9 


36, 20, 17 


— 


35, 


20, 16 


215784.95 


50 


23 


36, 20, 16 


— 


35, 


20, 15 


215784.95 


50 


23 


36, 21, 16 


— 


35, 


21, 15 


215779.22 


50 


45 


36, 21, 15 


— 


35, 


21, 14 


215779.22 


50 


45 


36, 22, 15 


— 


35, 


22, 14 


215783.85 


50 


5 


36, 22, 14 


— 


35, 


22, 13 


215783.85 


50 


5 


36, 23, 14 


— 


35, 


23, 13 


215797.53 


50 


-19 


36, 23, 13 


— 


35, 


23, 12 


215797.53 


50 


-19 


36, 24, 13 


— 


35, 


24, 12 


215819.22 


50 


36 


36, 24, 12 


— 


35, 


24, 11 


215819.22 


50 


36 


36, 25, 12 


— 


35, 


25, 11 


215847.81 


50 


-52 


36, 25, 11 


— 


35, 


25, 10 


215847.81 


50 


-52 


36, 26, 1 1 


— 


35, 


26, 10 


215882.85 


50 


-12 


36, 26, 10 


— 


35, 


26, 9 


215882.85 


50 


-12 


36, 27, 10 


— 


35, 


27, 9 


215923.60 


50 


10 


36, 27, 9 


— 


35, 


27, 8 


215923.60 


50 


10 


36, 28, 9 


— 


35, 


28, 8 


215969.54 


50 


-15 


36, 28, 8 


— 


35, 


28, 7 


215969.54 


50 


-15 


36, 32, 5 


— 


35, 


32,4 


216198.45 


50 


4 


36, 32, 4 


— 


35, 


32, 3 


216198.45 


50 


4 


37, 3, 34 


— 


36, 


3, 33 


214265.30 


50 


-8 


37, 3, 34 


— 


36, 


4, 33 


214147.29 


50 


-26 


37, 4, 34 


— 


36, 


4, 33 


214225.81 


50 


-13 


38, 1, 37 


— 


37, 


2, 36 


211401.39 


50 


59 


38, 3, 36 


— 


37, 


2, 35 


215476.23 


50 


36 


38, 2, 36 


— 


37, 


3, 35 


215469.85 


50 


-35 


38, 3, 35 


— 


37, 


3, 34 


219628.21 


50 


19 


38, 3, 35 


— 


37, 


4, 34 


219549.67 


50 


-13 


38,4, 35 


— 


37, 


4, 34 


219601.64 


50 


-40 


Jy, U, jy 




^ Q 
JO, 


1, JO 


zlZ/4j.U/ 


jU 


z: 
O 


39, 2, 37 




38, 


2, 36 


220854.26 


50 


-8 


39, 3, 37 




38, 


2, 36 


220855.81 


50 


-18 


39, 2, 37 




38, 


3,36 


220851.79 


50 


-24 


39, 3, 37 




38, 


3,36 


220853.34 


50 


-33 


40, 0, 40 




39, 


1,39 


218129.30 


50 


18 


47, 14, 34 




46, 


14,33 


282874.18 


50 


42 
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Table 7. continued. 







J", K'J, K' c ' 


Frequency 


Unc. 


O-C 


47, 17, 31 


— 


46, 17, 30 


282070.21 


50 


4 


47, 17, 30 


— 


46, 17, 29 


282070.21 


50 


4 


47, 19, 29 


— 


46, 19, 28 


281801.94 


50 


20 


47, 19, 28 


— 


46, 19, 27 


281801.94 


50 


20 


47, 20, 28 


— 


46, 20, 27 


281716.83 


50 


33 


47, 20, 27 


— 


46, 20, 26 


281716.83 


50 


33 


47, 21, 27 


— 


46, 21, 26 


281656.67 


50 


10 


47, 21, 26 


— 


46, 21, 25 


281656.67 


50 


10 


47, 22, 26 


— 


46, 22, 25 


281617.41 


50 


-44 


47, 22, 25 


— 


46, 22, 24 


281617.41 


50 


-44 


47, 23, 25 


— 


46, 23, 24 


281596.02 


50 


-16 


47, 23, 24 


— 


46, 23, 23 


281596.02 


50 


-16 


47, 24, 24 


— 


46, 24, 23 


281589.94 


50 


8 


47, 24, 23 


— 


46, 24, 22 


281589.94 


50 


8 


47, 25, 23 


— 


46, 25, 22 


281597.15 


50 


-18 


47, 25, 22 


— 


46, 25, 21 


281597.15 


50 


-18 


47, 26, 22 


— 


46, 26, 21 


281616.14 


50 


-10 


47, 26, 21 


— 


46, 26, 20 


281616.14 


50 


-10 


47, 27, 21 


— 


46, 27, 20 


281645.57 


50 


-9 


47, 27, 20 


— 


46, 27, 19 


281645.57 


50 


-9 


47, 28, 20 


— 


46, 28, 19 


281684.43 


50 


48 


47, 28, 19 


— 


46, 28, 18 


281684.43 


50 


48 


47, 29, 19 


— 


46, 29, 18 


281731.64 


50 


-30 


47, 29, 18 


— 


46, 29, 17 


281731.64 


50 


-30 


47, 30, 18 


— 


46, 30, 17 


281786.66 


50 


-36 


47, 30, 17 


— 


46, 30, 16 


281786.66 


50 


-36 


47, 31, 17 


— 


46, 31, 16 


281848.86 


50 


31 


An n 1 c 
4/, 31, 16 




A C 11 K 

46, 31, 15 


0010/10 

2olo4o.s6 


50 


*2 1 

31 


47, 33, 15 




46, 33, 14 


281992.38 


50 


34 


47, 33, 14 




46, 33, 13 


281992.38 


50 


34 


47, 34, 14 




46, 34, 13 


282072.85 


50 


-22 


47, 34, 13 




46, 34, 12 


282072.85 


50 


-22 


48, 5, 43 




47, 5, 42 


281724.06 


50 





48, 6, 43 




47, 6, 42 


281635.78 


50 


-33 



